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POLYPLOID MITOSIS IN THE NORMAL DEVELOPMENT 
OF MIMOSA PUDICA' 


E. R. Wirkus Aanp C. A. BERGER 


In seedlings of Allium cepa it has recently been found (Berger & Witkus 
1946) that certain cells become tetraploid and divide once as tetraploids in 
the course of normal development. The tetraploid cells were found in the 
cortex of the cotyledon and of the intermediate region between root and 
shoot. They were never found in the roots of Allium Cytological study 
revealed that the polyploid condition arose by a double reproduction of the 
chromosomes in the resting nucleus. 

A similar process has recently been found in the seedling roots of the 
sensitive plant, Mimosa pudica, and is here reported. The diploid chromo- 
some-number of this plant is 48. The chromosomes show little variation in 
size and are small, the largest being about 2.8 » in length (figs. 1-4). 

Mitoses first appeared in seedlings 2 mm. in length, earlier growth appar- 
ently being due to expansion through intake of water. Tetraploid divisions 
were abundant at the beginning of mitotic activity in the root meristem. An 
average of 40 4n mitoses were found in 2 mm. seedlings, the extremes being 


TABLE 1. Frequency of 4n divisions. 


Length of seedlings in mm. 
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20 and 110. The frequency of 4n divisions increases to a maximum in seed- 
lings 4 mm. in length and then decreases. The average number of 4n divi- 
sions found in 4 mm. seedlings was 94 with extremes of 25 and 170. In seed- 
lings more than 10 mm. in length no polyploid divisions were found, although 
diploid divisions were very abundant. Up to the present no polyploid divi- 


1 Aided by a grant from the Penrose Fund of the American Philosophical Society. 
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sions have been found in root-tips taken from mature plants, although poly- 
ploid cells are undoubtedly present. The data on length of seedling and 
frequency of tetraploid divisions is given in table 1. 

The polyploid divisions were found only in large cells of the periblem, 
usually in the two outermost cell-layers of this tissue. In a 2-mm. seedling 
the first 290 » are exclusively root-cap, diploid divisions begin at this point 
and extend backward to a distance of about 800 » from the tip. The tetra- 
ploid divisions are found in the region from 600 to 800 » back from the tip. 
In a 4 mm. seedling the root-cap occupies the first 450 » and the tetraploid 
divisions begin at a distance of 840 » and extend backward to a point 1500 
from the tip. 

The polyploid divisions were all tetraploid and all showed a paired ar- 
rangement of the chromosomes which was especially noticeable at prophase 
(figs. 5-9). The close pairing is a clear indication that the tetraploid con- 
dition arose by a double reproduction of the chromosomes in the preceding 
resting stage and that this is the first mitosis since the polyploid condition 
was attained. Since only tetraploid cells with paired chromosomes were 
found it is probable that these cells undergo only one division as tetraploids 
before becoming differentiated. As has been shown in Spinacia (Berger 
1941) the close pairing of chromosomes is lost during anaphase and telo- 
phase and if such polyploid cells undergo a second division the chromosomes 
are completely unpaired at prophase and metaphase. No such unpaired poly- 
ploid divisions were found in any of the Mimosa seedlings examined. Since 
these tetraploid divisions are found in the roots of very young seedlings (2 
mm. in length) when the majority of the cells are undergoing their first divi- 
sion, it is probable that the polyploid condition arose during the early em- 
bryology of the plant. 


DISCUSSION 


The type of polyploidy here described is similar in many points to that 
found in Allium and differs markedly from polysomaty as described in 
Spinacia. In Mimosa as in Allium the tetraploid cells are found at a definite 
time and place and thus constitute a localized factor in the developmental 
pattern. In both of these plants the tetroploid cells divide only once before 
they become differentiated to a degree that usually excludes further mitosis. 
In Spinacia, cells which become tetraploid may undergo more than one divi- 
sion as tetraploids and some pass through further double chromosome repro- 
duction becoming 8-ploid or even 16-ploid. Furthermore, in Spinacia, the 
formation of polyploid cells and their division continue as long as the root- 
tips are actively growing, i.e., throughout the whole indeterminate growth 
period of the adult plant, while in Mimosa and Allium the process is limited 
to a definite period during germination. 

In all three plants the polyploid condition arises in the same way by a 
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POLYPLOID MITOSIS 





WITKUS AND BERGER: 


Fias. 1-9. Photomicrographs of aceto-orecein smear preparations of seedlings of 
Mimosa pudica. Magnification x 1500. Fies. 1-4. Diploid metaphases, showing somatic 
pairing. Fic. 5. Early prophase of a 4n division, SA-region undivided. Figs. 6, 7. Later 
prophases of 4n divisions, showing pairing. Fuies. 8, 9. Metaphases of tetraploid divisions. 
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process of double chromosome reproduction in the resting nucleus. An inter- 
esting point of difference is found in the behavior of the spindle-attachment 
regions of the chromosomes of newly formed polyploid cells. In Allium the 
pairs of chromosomes are held together by a single undivided SA-region 
until late prometaphase, forming tetrachromosomes. At metaphase two suc- 
cessive divisions of the SA-region occur and anaphase separation is normal. 
In Spinacia the pairs of sister chromosomes are held together by a pro- 
nounced relational coiling although their SA-regions are separate through- 
out most or all of prophase. In Mimosa the pairs of sister chromosomes are 
joined by an undivided SA-region in very early prophase (fig. 5) but not 
in later phophase (figs. 6, 7). They are not held together by any pronounced 
relational coiling but are arranged in evenly spaced pairs in which only 
an occasional half-twist is found. 

Very frequently diploid metaphase figures in Mimosa showed the chro- 
mosomes in pairs. Such somatic pairing in the diploid cells of certain plants 
has been previously reported in the literature but these cases were not clearly 
demonstrated. In Mimosa the pairing is unmistakable and much too frequent 
to be a chance phenomenon (figs. 1-4). The cause of this pairing is wholly 
unknown. The fact of somatic pairing of chromosomes in the Diptera has 
been well known since the work of Metz (1916). In the mosquito, Culex 
pipiens, Grell (1946) traces the somatic pairing found at metaphase to an 
active coming together of homologous chromosomes at the preceding ana- 
phase and explains this movement on Darlingtonian lines by assuming that 
the anaphase chromosomes are single structures. Her evidence for this view 
is considerable. One of the more weighty points of evidence is the prophase 
pairing, which is so close in Culex that most figures appear to contain the 
haploid number of prophase chromosomes. This theory however cannot be 
applied to the somatic pairing in Mimosa, since in this plant the diploid 
prophases show no pairing whatever, although it is very clear in diploid 
metaphases and in tetraploid prophases. 

Preliminary investigations revealed that tetraploid divisions also oceur 
in the large cortex cells of the shoot of young seedlings of Mimosa. A more 
thorough study of this region is in progress. 

BIoLogicaL LABORATORY, FORDHAM UNIVERSITY 

New YorK 
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CHAPTALIA NUTANS AND C. INTEGRIFOLIA: 
THEIR CHROMOSOMES 


J. T. BALDWIN, JR. AND BERNICE M. SPEESE 


Chaptalia Vent. is an American genus of the Compositae. Burkart’s 
(1944) treatment of the genus suggests that it consists of 40-50 species. 
The northernmost, and type, species is C. tomentosa Vent., with occurrence 
in the moist pinelands of the Coastal Plain from North Carolina to Florida 
and to Texas (Small 1933). The genus is variously represented from our 
Southwest—Texas, New Mexico, and Arizona—to Argentina and Chile. 

Incidental to field work in Brazil for the U.S. Department of Agriculture 
the senior author collected fruiting specimens of two species of Chaptalia. 
The specimens have been deposited in the herbaria of the U. S. National 
Museum, U. 8S. National Arboretum, New York Botanical Garden, and the 
Instituto Agronémico do Norte. The collections were kindly identified by 
S. F. Blake as follows: 

C. nutans (L.) Polak. 

Baldwin 3116. Salto Bello, Rio Sacre, Matto Grosso. October 21, 1943. Baldwin 3138. 
Sitio de Ponte (south of Rosario Oéste), Matto Grosso. November 2, 1943. Baldwin 4733. 


Weed in Jardim Botanico, Rio de Janeiro. November 18, 1943. Baldwin 4734, Seringal 
Monte Alegre (about 40 miles south of Rio Branco), Acre Territory. January 6, 1944. 


C. INTEGRIFOLIA (Cass.) Baker 

Baldwin 3121. Sucurima (near Agua Limpa), Matto Grosso. October 30, 1943. 
Baldwin 3133. Parecis, Matto Grosso. October 31, 1943. Baldwin 3135. Corrego do 
Amolar (northwest of Rosario Oéste and in Amazon Basin), Matto Grosso. November 1, 
1943. Baldwin 3136. Tambidouri (near Rosario Oéste), Matto Grosso. November 1, 1943. 

According to Burkart (1944) C. nutans oceurs from Mexico to the Rio 
de la Plata and is the commonest species in the genus; by means of var. 
texana (Greene) Burk., C. nutans extends into Texas. That author relegates 
C. integrifolia to synonymy under C. integerrima ( Vell.) Burk., a species of 
Brazil, Uruguay, Paraguay, Argentina, Bolivia, and Peru. 

Seed of C. nutans from weeds (collected November 18, 1943) growing in 
the Jardim Botanico at Rio de Janeiro and of C. integrifolia from plants 
(collected November 10, 1943) on the airfield at Campo Grande, Matto 
Grosso, were planted in Virginia in August, 1944. They are perennials. Both 
species are easy to grow. Under greenhouse conditions flowering and fruiting 
have been erratic and at various seasons. C. integrifolia usually comes into 
flower somewhat before C. nutans does. Where collected in Brazil, as indi- 
cated above, these species flower and fruit from about mid-October to mid- 
January, and thus at the end of the dry season and at the beginning of the 
rainy. Both species are inconspicuous in flower, but in fruit they are readily 
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seen, even at a distance from a moving truck, by which means trips were 
made from Cuyaba, Matto Grosso, north and westward to the Rio Papageio 
and north and eastward to the Rio Arinos. The usually solitary fruiting head 
of these species, borne on a scape that rises about a foot above a basal rosette 
(fig. 1), is suggestive of Taraxacum, or perhaps more so of Tragopogon. 
Transition from flowering to fruiting is rapid and, in the greenhouse, may 
take place overnight. 





Fig. 1. Fruiting plant of Chaptalia nutans as grown under greenhouse conditions in 
Virginia. Fruiting head on right reproduced just under natural size. Photographed by 
Conrad Yoeum. 


Both these species of Chaptalia grow in places that become exceedingly 
dry and where grasses and other herbaceous plants are sparsely distributed 
and where stunted trees may be scattered. However, both species were never 
seen together. C. integrifolia seems to show a preference for the red-soiled 
areas of the dry parts of Matto Grosso.’ 

Burkart (1944) recorded cytological observations on C. exscapa ( Pers.) 
Baker and C. piloselloides (Vahl) Baker. The chromosomes in sectioned root- 


1It was in those same areas that especially large villages of termite ‘‘houses’’— 
some of them rising to a height of several feet—were observed. When those structures 
crumble, new ecological situations are available to plants, and, because of that, ‘‘islands’’ 
of vegetation different from the surrounding grasses and other herbaceous plants are fre- 
quently developed. Smilax is often one of the first invaders, 
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tips were smal] and numerous—for a metaphase of the first species more than 
60 chromosomes were determined; for various metaphases of the second, 
counts of 54, 60, 49-54, 58-60, and 51—54 were arrived at. 

C, nutans and C. integrifolia proved to be extremely difficult for cyto- 
logical study. Many smears of leaves, flowers, and roots were prepared, 
both with and without colchicine treatment. Precise chromosomal analysis 
was not possible, and differing counts were made. Finally, the junior author 
obtained entirely satisfactory smears of roots by resorting to a modification 
of the paradichlorobenzene technique of Meyer (1945) :* root-tips were 
placed in a saturated solution of paradichlorobenzene for 2 hours, rinsed in 
water, fixed in Carnoy’s fluid (3 absolute alcohol: 1 chloroform: 1 glacial 
acetic acid), hydrolyzed in acid aleohol (1 concentrated hydrochlorie acid: 1 
absolute alcohol) for several minutes, stained in propio-carmine for 12 hours, 
hydrolyzed again for several minutes, transferred momentarily into Car- 
noy’s solution, and smeared in propio-carmine. 

The 2n-number of chromosomes for both species is 48 (figs. 2, 3). Centro- 
meres are median, submedian, or, for some of the smaller chromosomes, sub- 
terminal. Both species have 8 chromosomes that are strikingly longer than 
the other members of the complement. Of the 8 long chromosomes 4 have 
submedian centromeres, and 4 have median. These latter 4 may readily be 
misinterpreted and so give a basis for inaccurate counts. This observed 
morphological similarity is suggestive of tetraploidy. 


2 3 


Figs. 2, 3. Metaphase chromosomes from root smears of Chaptalia.x 2200. Fie, 2. 
C. integrifolia, Fie. 3. C. nutans. The 2n-number in both species is 48, with 8 strikingly 
long chromosomes. 


An inclination in recent years to consider that plants are likely to be 
weeds because of polyploidy is apt to be without adequate basis. Chaptalia, 
for instance, seems not to support such a view. C. nutans, the only weed in 
the genus (Burkart 1944), may, of course, be polyploid, but it has the same 
chromosome number that C. integrifolia does. The two species investigated 
by Burkart will perhaps likewise be found to have 2n of 48, or approximately 
that number. 


2 Meyer developed the technique for study of guayule chromosomes. 
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By some writers Chaptalia has been confused to some extent with Gerbera 
Gronov., a genus of Asia and Africa. Burkart (1944) discusses the likenesses 
and differences of these genera. Of interest in this regard are the following 
chromosome reports for Gerbera: 


n an 

G. Anandria Schultz Makomanai, Japan 46 Matsuura & Sut6 1935) 
ig Hokkaid6, Japan 23 Kishimoto (1940) 
- Kobe, Japan 23 a 

G. inte gripe tala Hay Formosa 23 ee 

G. Jamesoni Bolus. Cultivated 25 5) 4 
ios var, 

hybrida Hort. Cultivated 25 50 Bowden (1945) 


Conceivably, further study will reveal these two genera to have the same 
number of chromosomes: reported differences may be real, or they may 
result from difficulty in interpreting the cytological preparations. 


SUMMARY 


Chaptalia is an American genus of the Compositae. Four collections of 
herbarium material were made in Brazil for each of two species: C. nutans 
and C. integrifolia. 

Chromosomes of these two species were studied : 2n = 48; centromeres are 
median, submedian, or, in some of the smaller chromosomes, subterminal ; 
8 long chromosomes are present in both species, with 4 of them having 
median centromeres and 4 submedian. 
| Chaptalia is extremely difficult cytologically. Burkart (1944) was unable 
| to get definite counts of chromosomes for the two species investigated by him. 
Modification of Meyer’s (1945) paradichlorobenzene technique gives excel- 
lent preparations for this genus. 

C’. nutans is the only weed in the genus: that condition is not correlated 
with differences in chromosome number. 

Affinity of Chaptalia and Gerbera will likely be evidenced by cytological 
| data. 

COLLEGF OF WILLIAM AND MARy 
WILLIAMSBURG, VIRGINIA 
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ANTIBIOTIC ACTIVITY OF CASSIA RETICULATA WILLD.’ 


WituiAm J. Ropsins, FREDERICK KAVANAGH AND J. D. THAYER 


In the early fall of 1945 Dr. C. W. Dodge, Mycologist at the Missouri 
Botanical Garden, reported to one of us (W.J.R.) that an extract of the 
leaves of Cassia reticulata Willd. was taken by mouth by residents of Costa 
Rica as a cure for chronic gonorrhea. He generously supplied us with a small 
collection of the dried leaves and his record of the use of the plant. 
me According to his notes made in 1936, the plant is known locally as Sara- 
ay gundin or Mayadin. The directions call for placing 10 to 15 leaves in one pint 
of water, heating 10 to 20 minutes, cooling and taking in two or three doses ; 
morning and evening if two and morning, noon and evening if three. The 
decoction is said to be good for one day only as it spoils easily. It is reported 
of also to be unstable in alcohol. 
ns Preliminary experiments were carried out with the leaves supplied by 
Dr. Dodge. Additional dried leaves were obtained from Guatemala through 
re the courtesy of Mr. Ralph Pinkus and the identity of the plant was con- 
il ; firmed. No significant difference in the activity of the extract of the leaves 
ig recently collected and those collected 9 years ago was noted. 

An extract prepared by boiling 5 g. of dried leaves with 50 ml. of distilled 
le water was tested in beef broth on Staphylococcus aureus. The extract of 3 mg. 
n. of dried leaves in 1 ml. of medium completely inhibited growth. The aqueous 
] - extract was concentrated 5 times by boiling without reducing its activity. 

Almost all of the active material was removed from the aqueous extract of 
d the leaves by repeated shaking with methyl-iso-butyl-ketone. The ketone 
extract retained its activity after drying at 100° C. 


al 
Isolation of an Active Crystalline Material. A yellow crystalline mate- 


rial with antibiotic activity was isolated from the Cassia leaves. 

One hundred and fifty grams of dried leaves were boiled in 14 1. of water 
for an hour and the water decanted. The leaves were then boiled with 4 1. of 
water containing 5 g. sodium carbonate. The cooled extracts were combined, 
t. acidified to pH 3.2 with dilute hydrochloric acid and extracted with 500 ml. 
methy]-iso-butyl-ketone. The ketone was removed, and the extraction repeated 
with 300 ml. of the ketone. The ketone extracts were combined and subjected 
to distillation under reduced pressure. A total of 3.7 g. of material, including 
an oil with a characteristic odor and brown-colored solids, was obtained from 
the ketone extract. 


1 This investigation was supported in part by the Howard Bayne Research Fund of 
the New York Botanical Garden. 
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This material was dissolved in acetone and most of it passed into ethyl 


ether by diluting the acetone with water. The ketone extract and the material \ 
soluble in ether inhibited Staph. aureus at a concentration of 60 pg. per ml. ( 
The ether was extracted six times with 1 per cent sodium bicarbonate solu- 


tion. It was then extracted three times with 2 per cent sodium carbonate 
solution. The substances remaining in the ether after the sodium carbonate 
extractions were inactive on Staph. aureus. The substances in the sodium 
bicarbonate and sodium carbonate extracts obtained by acidification and 
extraction with ether inhibited Staph. aureus at a concentration of 32 pg. per 
ml. and had only slight effect on Esch. coli and Kleb. pneumoniae. 

From the bicarbonate fraction an amorphous brick-red powder was iso- 
lated which inhibited Staph. aureus at a concentration of 8 pg. per ml. On 
slowly acidifying a dilute alkaline solution of the red powder, very fine, 
yellow, needle-like crystals formed. This crystalline substance was named 
eassic acid. 

Cassic acid is not very soluble in alcohol, acetone, ether, chloroform, or 
methyl-iso-butyl-ketone ; is slightly soluble in water and nearly insoluble in 
petroleum ether. It is a weakly acidic substance which crystallizes when a 


TABLE 1. Antibacterial activity of extracts of leaves of Cassia reticulata in wg. of 
dry material per ml. 
| Observations made after 24 hrs. incubation. See text for preparation of extracts and 
fractions. 


| Jiear | Sodi 
/ | Ketone Bicat Carbonate | odium 
| bonate . : salt of 
extract ; ‘ fraction | . ; 
| fraction | eassie acid 
B. mycoides ATCC 9634 > 64 | 32 64 | 4 
B. subtilis ATCC 9633 125 32 32 Ss 
Staph. aureus ATCC 9144 64 | 64 32 8 
Esch. coli ATCC 9637 ; > 1,000 > 1,000 > 1,000 S 250 
Kleb. pneumoniae ATCC 9997 1,000 1,000 1,000 > 250 
Pseudomonas aeruginosa ATCC 10145 > 1,000 > 1,000 1,000 | > 250 
Myco. phlei ATCC 10142 64 64 32 8 
Myco. smegmatis (smegma) ATCC 10143 | ~ 64 4 4 32 


solution of the sodium salt is acidified to pH 5.5. The alkaline solution of 


cassic acid is of a reddish-pink color which changes through amber to yellow, 
as the solution is acidified. None of the elements sulphur, nitrogen, chlorine, 


bromine, or iodine was found by a qualitative analysis of crystaline cassic 


acid. There was no sharp melting-point. Melting and decomposition began 
about 330° C. and a small amount sublimed to form a red ring near the top 
of the capillary tube. An absorption spectrum of cassic acid determined by 
Mr. Morris Soodak of Fordham University showed peaks at 2700 and 4250 A. 
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Bacterial Spectrum. The effects of the materials obtained by extraction 
with methyl-iso-butyl-ketone, the bicarbonate and carbonate fractions, and 
of cassic acid, all prepared as described in the preceding section, were deter- 
mined by the dilution method for a number of bacteria (table I). All but the 
Mycobacteria were grown in beef broth; the Mycobacteria were cultivated 
in modified Kirschner solution. Esch. coli, Kleb. pneumoniae, and Pseudo- 
monas aeruginosa were little affected by the antibiotic substances extracted 
from dried leaves of Cassia reticulata. B. mycoides, B. subtilis, Staph. aureus, 
Myco. phlei, and Myco. smegmatis (smegma) were all susceptible. Cassie acid 
was more active than the ketone extract or the carbonate fractions except for 
Myco. smegmatis (smegma), 


Activity on Neisseria gonorrhea. Tests were made on two strains of 
N. gonorrhea in beef heart infusion broth enriched with 20 per cent ascitic 
fluid. Tests were incubated at 35-36° C in a 10 per cent carbon-dioxide 
atmosphere for 24 hours. The results showed N. gonorrhea and Staph. aureus 
to have a sensitivity to our preparations from Cassia of the same order of 
magnitude. 

Fifty grams of dried leaves were extracted three times with 1 |. of boiling 
water. The extracts were combined and shaken out three times with 0.1 vol- 
ume of methyl-iso-butyl-ketone and the ketone evaporated. The solids ob- 
tained (1.33 g.) inhibited Staph. aureus at a concentration of 64 wg. per ml. 
and N. gonorrhea at 84 pg. per ml. The solids from the ketone extract were 
dissolved in aleohol and petroleum ether added. The precipitate was removed, 
the alcoholic-petroleum ether solution was washed with water until all yellow 
color was removed from the petroleum ether. The aqueous washings were 
extracted with ethyl ether. The ether was removed, evaporated, the residue 
dissolved in acetone, and ten volumes of petroleum ether were added to the 
acetone. The precipitate which formed was centrifuged off and the solution 
evaporated to half volume. The precipitate which formed was removed and 
the solution taken to dryness. The solids amounted to 94 mg. and inhibited 
Staph. aureus at a concentration of 32 ng. per ml. The solids were dissolved 
in ether and the ether extracted with 1 per cent NaHCO,. The NaHCO, solu- 
tion was acidified and extracted with ether which yielded 58 mg. of solids 
with an activity on Staph. aureus of 8 pg. per ml. and on N. gonorrhea of 
4 we. per ml. The ether after extraction with 1 per cent NaHCO, was ex- 
tracted with 1 per cent Na,CO;. The Na,CO, solution on acidification and 
extraction with ether gave 17.8 mg. of solids with an activity on Staph. 
aureus and on N. gonorrhea of 16 pg. per ml. The residual ether contained 
4.7 mg. of solids which inhibited Staph. awreus at 64 pg. per ml. and N. 
gonorrhea at 32 wg. per ml. 

A second lot of leaves was extracted with hot water and the extract 
shaken out with methyl-iso-butyl-ketone. The solids remaining after evapo- 
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ration of the ketone inhibited Staph. aureus at 62 pg. per ml. and N. gonor- 
rhea at 84 pe. per mil. 
The sodium salt of cassic acid inhibited Staph. aureus and N. gonorrhea 


at 8 pe. per ml. 


Multiplicity of Antibacterial Substances from Cassia Leaves. Cassie 
acid is probably not the only antibacterial substance in the crude extract 
from the leaves of C. reticulata. This follows from the observation that the 
Na.CO, fractions prepared as previously described had a far greater anti- 
biotic activity for Staph. aureus than could be accounted for by the cassie 


acid content as judged from the red color developed in alkaline solution. 


Animal Experiments. Preliminary experiments on a few animals were 
carried out. These indicated a low acute toxicity for mice and rabbits of 
preparations of Cassia reticulata when given by mouth and some excretion 
of material active against Staph. awreus in the urine. 

Several mice were each given a total of 21.5 mg. of material (obtained 
by methyl-iso-butyl-ketone from a hot-water extract of the Cassia leaves) by 
means of a stomach tube (0.5 ml. at 10:00 a.m. and 0.5 ml. at 12:00 noon). 
The 21.5 mg. were obtained from about 800 mg. of dry leaves and had a total 
activity of 320 dilution units for Staph. aureus. Urine collected over a period 
of 10 hours was a dark reddish brown and showed activity on Staph. aureus. 

By means of a stomach tube a rabbit was given 150 ml. of hot water 
extract of Cassia leaves at 9:25 a.m., at 11:00 a.m. and at 1:20 p.m. The 
total dosage of 450 ml. was equivalent to 22.5 g. of dry leaves and had an 
activity for Staph. aureus of 4,500 dilution units. The animal was catheter- 
ized and the urine removed before the start of the experiment. Subsequently, 
urine amounting to 236 ml. was collected over a period of 6 hours. By extract- 
ing the urine with methyl-iso-butyl-ketone a total activity of 800 dilution 
units for Staph. aureus was found. 

A second rabbit received 3 grams of finely ground Cassia leaves suspended 
in 150 ml. of water at 9:50 a.m., at 11:00 a.m. and at 1:30 p.m., for a total 
of 9 g. Urine collected as before amounted to 130 ml. No activity for Staph. 
aureus was found in this urine. 

A third rabbit received a concentrated water extract, 15 ml. at 10:00 a.m., 
30 ml. at noon and 15 ml. at 2:00 p.m. The 60 ml. was the extract of 72.5 g. 
of dry leaves and its total activity was 14,500 dilution units for Staph. 
aureus. In 7$ hours after the third dose only 40 ml. of urine was obtained. 
The urine was tinged with blood and its total activity was 320 dilution units 
for Staph. aureus. 


DISCUSSION 


Species of Cassia (C. fistula, C. marilandiea, and others) have long been 
used as laxataves and some have been reported to be effective in other ways. 
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nor- Watt and Breyer-Brandwijk’® state that the natives of South Africa have 
used various species of Cassia for a variety of medicinal purposes. They 
‘hea record Cassia petersiana Bolle used for gonorrhea; a decoction of the root 
of Cassia bearensis Mig. for black water fever and schistosomiasis; a lotion 
of Cassia sp. for syphilis and yaws; Cassia fistula L. for malaria, black water 


ssic fever, blood poisoning, anthrax, and dysentery ; and other species for tooth- 
“act ache, face eruptions, abdominal pain, body vermin, ulcers, or diarrhoea. 

the The efficacy of Cassia reticulata or preparations made from it in the treat- 
nti- ment of gonorrhea was beyond the scope of our investigations. Although it 
sic is an interesting coincidence, to say the least, that this plant should be found 


to contain materials actively antibiotie for N. gonorrhea, a consideration of 
its use as described by Dr. Dodge would suggest that its therapeutic effective- 


ere ’, 
F ness is dubious. 
mh According to Dr. Dodge, from 10 to 15 leaves are boiled in 1 pint of water. 
This would be equivalent to 2 or 3 g. of dried leaves in 500 ml. of water or 
-d the extract of 4 to 6 mg. in 1 ml, Our results indicate that such an extract 
7 would completely inhibit Staph. aureus or N. gonorrhea. However, it seems 
K: unlikely that the antibiotic material contained in the tea would be effective 
al in vivo. Even if complete absorption of the antibiotic material in a single 
dose (150-250 ml.) occurred with no destruction, the blood of an adult would 
2 contain the equivalent of less than 0.3 mg. of dried leaves per ml. which is 
ie: below the antibiotic level in vitro in our experiments. 
* There is, of course, the possibility that the antibiotic materials in fresh 
leaves are more active than those in the dried leaves which were the material 
” for our experiments. This would perhaps be suggested by the report—if cor- 
_ rect—that the active material from the fresh leaves is unstable in alcohol. 
+. The substances with which we worked were not noticeably affected by alcohol. 
» It is possible also that the activity might be greater in vivo than in vitro or 
might be concentrated in the affected parts. In any event, further investiga- 
d tion of Cassia reticulata, its antibiotic properties and reputed therapeutic 
, activity, would seem desirable. 


} SUMMARY 


A tea made from leaves of Cassia reticulata has been reputed to be used 
¥ in Central America in the treatment for chronic gonorrhea, A hot water 
,. extract of 2-5 mg. of dried leaves of Cassia reticulata in 1 ml. of beef broth 
“ was found to inhibit Staph. aureus. Most of the active material was removed 
q from the water extract by methyl-iso-butyl-ketone. The material in the 
. ketone extract inhibited Staph. aureus and Myco. phlei at a concentration of 

64 pg. per ml. of nutrient medium, N. gonorrhea at 84 pg. per ml., B. subtilis 
at 125 pg. and Myco. smegmatis (smegma) and B. mycoides at more than 


} 2 John M. Watt & Maria G. Breyer-Brandwijk. The medicinal and poisonous plants 
of southern Africa. E. and 8. Livingston. Edinburgh. 314 pp. 1932. 
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64 we. per ml. It was inactive for Esch. coli, Kleb. pneumoniae and Pseud, 
aeruginosa. A yellowish crystalline substance named cassic acid was isolated, 
Cassic acid was not active on Esch. coli, Kleb. pneumoniae and Pseud. aerugi- 
nosa. B. mycoides, B. subtilis, Staph. aureus, Myco. phlei and N. gonorrhea 
were completely inhibited at concentrations of 4 to 8 wg. of cassic acid per 
ml. of medium. Myco. smegmatis (smegma) was inhibited by 32 pg. per ml. 

Evidence was obtained that cassic acid is not the only antibiotic material 
in the extracts from dried Cassia leaves. The hot-water extract and the ketone 
extract of Cassia leaves when given by mouth were not acutely toxic to mice 
or rabbits though injury was observed with large doses. Some active material 
was excreted in the urine 
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MORPHOLOGICAL AND PHYSIOLOGICAL FACTORS 
IN STREPTOMYCIN PRODUCTION 


DaAvip GOTTLIEB AND H. W. ANDERSON 


The production of streptomycin has been intensively investigated since 
its discovery by Schatz, Waksman, and Bugie in 1944 (9). Most of the bio- 
logical research efforts following its discovery have been directed to the pro- 
duction of high-vielding strains of the organism and the formulation of 
media in which the synthesis of streptomycin is increased. Very little pub- 
lished information is available, however, on the nature of the fermentation, 
except for a paper by Waksman et al. (11). The investigations reported in 
this paper deal with some morphological and physiological changes occurring 
in the culture medium during the growth of Streptomyces griseus and pro- 
duction of streptomycin. 


General Methods. The organisms used in these studies were single- 
colony isolates from a culture of Streptomyces griseus, which had originally 
been obtained from Dr. 8S. A. Waksman as his strain nine. Three different 
media were used for most of these experiments, only one of which (C) was 
chemically defined. These were: 


Medium A Medium B Medium (1 
Cerelose2—10 gm. Cerelose—5 gm. Cerelose—10 gm. 
Bacto peptone—5 gm. Bacto peptone—6 gm. KH, PO,—2.38 gm. 
Sodium chloride—5 gm. Beef extract—5 gm. K.H PO, + 3H,O—5.65 gm. 
Corn steep liquor—15 gm. Bacto yeast—3 gm. Na lactate—11.2 gm. 
Distilled water—1000 ml. Distilled water—1000 ml. (NH,),. SO,—2.64 gm. 


Mg Cl,—1.21 gm. 

Zn SO,* 7H,O—0.0115 gm. 
Fe SO,- 7H,O—0.0111 gm. 
Cu SO,—0.0064 gm. 

Mn Cl, - 4H,O—0.0079 gm. 


The pH of the media was adjusted to 6.95-7.0 before sterilization in most ex- 
periments, and the media were autoclaved at 15 pounds for 20 minutes. One 
hundred and twenty-five milliliters of media were used in each 500-mi. Erlen- 
mever flask. The media were agitated and aérated in a reciprocal shaker at 
107 strokes per minute with a stroke length of 7 cm. Mycelial ‘‘seed’’ was 
obtained by adding 5 ml. of water to a five-day-old culture of the fungus, 
rubbing the surface of the culture with a loop, and transferring the spore 


1 Medium C is a modification of the synthetic medium formulated by Dr. H. H. Thorn- 
berry, and its publication is in press. 
2 Cerelose is a grade of commercial dextrose. 
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suspension to a flask containing the medium. After 24-48 hours’ growth on 
the shaker, about 2 ml. of this mycelial suspension were added to each flask 
of the experimental media. The fungus was grown at 26° C for at least 216 
hours in most experiments and samples were assayed at various intervals of 
time according to the method described by Loo et al. (7). All experiments 
were run in triplicate and the results reported in this paper are always aver- 
ages of the data from three flasks. Determinations of growth, viscosity, 
streptomycin production, and hydrogen-ion concentration were made from 
same samples. 

When investigating biologic materials, the amount of variation among 
replicate samples is always an important factor and averages of triplicate 
flasks do not always represent a true picture. Nevertheless if the averages 
obtained from such triplicate samples tend to fall consistently along curves 
which greatly resemble each other, it is reasonable to assume that a fairly 
accurate picture of the changes occurring in the media is presented by such 
eurves. The data in these investigations are therefore presented graphically 
rather than in the form of tables. 


Growth. The growth of S. griseus in ‘‘shake’’ culture can be initiated 
from either spores or mycelium. Germination of spores was difficult to ob- 
serve even under magnification obtained with an oil-immersion objective and 
appeared only as an elongation of the spore. Studies by Carvajal with the 
electron microscope, however, revealed that a germ tube is produced (1). 
When mycelial seed is used the hyphal segments, produced by the agitation 
of the mycelium, are the source for the growth in culture. Shortly after the 
hyphae began to elongate a definite incipient rounding up of the mycelium 
was visible. Weft formation was always evident after six hours. The num- 
ber of wefts increased during the next six-hour period, and as they matured 
formed round or elongated mycelium clumps. Occasionally the mycelium 
formed more pellet-like structures which were readily visible to the naked 
eye and resembled the pellets produced during the penicillin fermentation. 
These mycelial clumps consisted of a dark, dense center resembling micro- 
sclerotia and a peripheral zone of intermingling, branched, growing hyphae 
which radiated from the central core. By 24-30 hours their number had in- 
ereased and the peripheral hyphae had so intermingled with those of neigh- 
boring balls as to form a network of hyphae throughout the entire medium. 
No further changes were evident until about the 54—60-hour period. A break- 
ing up of the mycelium then occurred ; the clumps were more distinctly sepa- 
rated and short chains of spores were observed. This disintegrating process 
continued, and between 72 and 84 hours further fragmentation of the periph- 
eral hyphae and central core occurred so that the ball structure disappeared. 
Short mycelial pieces and dense granular fragments were dispersed through 
the entire medium. Spore formation evidently had been accelerated since the 
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medium contained a great number of spores, either single or in chains of from 
two to four. No further changes of the culture were evident, though observa- 
tions were continued until the cultures were 240 hours old. Growth phases 
were studied in three different media, and the same general pattern of growth 
was observed. Nevertheless the growth of S. griseus in the chemically defined 
medium, C, showed some differences. The fragmentation of mycelium was 
less evident, and hyphal segments were not so common in the later stages of 
erowth. Almost the entire fungus material in later stages consisted of spores. 

A study of mycelial growth was also made by gravimetric methods, Three 
flasks were taken at random from the shaker at various intervals of time and 
the entire cultures centrifuged in weighed tubes. After decanting the super- 
natant medium, the mycelium and tube were dried at 80° C for 36 hours, 
and the mass of mycelium obtained by the difference in weight. No marked 
gain in mass occurred during the first six hours, after which the mycelial 
weight slowly rose until about the twelve-hour period. It then increased 
rapidly and the amount of hyphae reached a maximum between 30 and 36 
hours. The weight rapidly decreased, between 60 and 70 per cent, during the 
24 hours after the peak had been reached. Generally the decrease tended to 
be slower after 72-96 hours. Typical growth curves are shown in figure 1. 
The growth phase of the curve was similar for all media, but the decline 
phase showed some variation. In the synthetic medium, C, the decrease from 
maximum weight was only 12 per cent for the first 24 hours following the 
peak and had only decreased 20 per cent even after 132 hours. It is apparent 
that the centrifuging and drying procedure for obtaining mycelial weight 
has some possibility of inherent inaccuracy because other solids in the media 
would be weighed at the same time. Microscopic examination, however, 
showed very little insoluble material to be present in the medium during the 
growth of the micro-organism. Any such deviations would be small com- 
pared to the weight of the entire mycelium. 

One can postulate from the disintegration and from the decrease in the 
mass of mycelium that lysis of the hyphae occurred during the decline phase 
of the culture. The vbservation that the total mass of material in medium C, 
where spore formation was abundant in the later stages, showed only small 
decreases can indicate that the spores were more resistant to lysis than the 
mycelium. 

Changes in the viscosity of the culture have been noticed during the 
growth of S. griseus in shake culture. An increased viscosity during the 
growth phase occurred in all media. This change has been attributed to the 
production of gums and to the admixture of air to the medium during 


shaking. The phenomenon was investigated by measuring the apparent vis- 


cosity of the same samples which were used for weight measurements in an 
Ostwald viscometer. The increase of viscosity closely followed that of my- 
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celium production and reached a maximum level at the same period as 
mycelial weight in all experiments (fig. 2). A decrease in viscosity then took 
place. The supernatant liquid obtained after centrifuging the culture showed 
no significant increase over non-inoculated media. The viscosity of shake 
cultures is thus closely related to the amount of interwoven mycelium in the 
culture. 

Production of Streptomycin. The production of streptomycin during 
the growth of S. griseus is dependent on many factors. Among these are the 
constitution of the medium, hydrogen-ion concentration, temperature, oxy- 
gen supply, agitation of the medium, and others. 

When the culture is grown under conditions previously described, most 
of these factors are adequate, though perhaps not optimum for the produec- 
tion of streptomycin. The production of streptomycin followed the same 
general pattern in alli the different media (fig. 3). No streptomycin was 
detected in the solution during the first 12 hours. The amount increased 
steadily from then on until a maximum was reached between 48 and 60 hours 
of growth. A decline in the streptomycin content of the solution occurred 
after this time. This decrease continued until after about 96 hours when the 
slope of the curve decreased and a tendency to level off was evident. In all 
cases the peak of the streptomycin curve lagged behind the peak of the growth 
curve by about 24 hours (fig. 3). Streptomycin production in the medium 
therefore is not primarily a function of the active growth phase of S. griseus. 
Only about 25 to 50 per cent of the total streptomycin had been released in 
the solution by the time the growth peak was reached. 


Hydrogen-Ion Concentration. Al] media were adjusted to pH 6.5-6.75 
before seeding. Neither autoclaving of the medium nor the addition of the 
‘‘seed’’ materially affected the pH. Determinations of hydrogen-ion concen- 
tration were made with a Beckmann glass electrode on the same samples 
which were used for growth and streptomycin production. 

The pH changes could be divided into two stages: the first occurred dur- 
ing the period of active growth and the second during the later stages (fig. 4). 
The variation of pH in the first period was dependent upon the medium used. 
When grown in Medium A, which contained corn-steep liquor, an increase 
occurred during the first 12 hours, followed by a decrease until about 36 
hours. A similar medium, B, containing beef extract and Bacto yeast in place 
of the corn-steep liquor showed a gradual increase during the same time. The 
pH values in a synthetic medium, C, decreased slightly during the first 36 


hours and showed no initial rise. The pH of all media invariably rose during 
Explanation of figures 1-3 

Fig. 1. Growth of Streptomyces griseus in shake culture. Fie. 2. Relation between 

growth and viscosity in a corn steep medium. Fic. 3. Growth and streptomycin produc- 

tion in a corn steep medium. 
















298 BULLETIN OF THE TORREY BOTANICAL CLUB (Vou. 74 





the second phase and the slope of the curve began to level off at about 96 
hours, at which time the values were around pH 8.5. 
No correlation could be made between the ability of a strain of S. griseus 


to produce streptomycin and the pH changes in the culture medium. Four 
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Fig. 4. Changes in hydrogen-ion concentration. Fic. 5. Growth and dextrose con 


sumption in a synthetic medium. 


different strains of S. griseus which produced 360, 365, 205, and 215 units of 
streptomycin per ml. all had about the same pH curves on the corn-steep 
liquor medium. Other strains which have been obtained by ultra violet irradi- 
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ation and produced no measurable amount of streptomycin, caused a rise in 
pH to 7.85 at the end of 48 hours, while the parent strain which produced 
240 y/ml. changed the pH to 7.65. 

Aerobic Nature of Streptomycin Production. That the biosynthesis of 
streptomycin is dependent upon the amount of the air supplied to a medium 
is known and oxygen is assumed to be the essential component. Good aération 
is usually supplied either by agitation of the medium or, in commercial prac- 
tice, by forcing air through the medium. The importance of air for the growth 
of this Actinomyeete was readily demonstrated since S. griseus did not grow 
to any extent when surface cultures were seeded with the fungus and the 
contents of the flasks then washed with filtered tank nitrogen. The reaction 
responsible for the production of streptomycin, however, might have a differ- 
ent oxygen relationship, since streptomycin formation appeared to be a fune- 
tion of the mature mycelium and was not intimately associated with the 
process of growth. After the growth phase was completed some anaérobiec 
mechanism might be responsible for streptomycin production. A series of 
shake culture experiments were set to test this possibility. The flasks were 
seeded in the usuai manner. Some flasks were treated by passing filtered nitro- 
gen through the medium for 15 minutes while the flasks were shaken to 
remove any free oxygen. These flasks were then immediately sealed. Other 
flasks were not washed with nitrogen until 30 hours had elapsed and maxi- 
mum growth reached. The remainder were allowed to grow under the usual 
conditions of aération by agitation. The data recorded in table 1 showed that 


TABLE 1. Oxygen and synthesis of streptomycin. 


Units of strepto- 


Treatment Growth - ; 
mycin p/mil, 


Average 


240 
No nitrogen added Good 240 
240 


0 
Nitrogen added at 0 hrs. F» ee 0 


16 
Nitrogen added at 30 hrs. Good 16 
16 


no streptomycin was produced if air was excluded, at the start, though some 
mycelial growth occurred. When air was excluded after growth had nearly 
reached a maximum at 30 hours, only the small amount of streptomycin pro- 
duced up to that time was found even at the 72-hour assay. Both good strep- 
tomycin production and good growth was obtained when no nitrogen was 


used. The synthesis of streptomycin therefore is dependent upon the availa- 
bility of air to the fungus. 
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Carbohydrate Consumption. Studies of dextrose consumption during 
the growth of 8. griseus in ‘‘shake flasks’’ can best be made when the organ- 
ism is grown in a synthetic medium. Actinomycetes grown on more complex 
media containing peptone or beef extracts have been shown to utilize such 
materials as a source of carbon under certain conditions (5). Other fungi 
have also been shown to assimilate amino acids to satisfy their carbon require- 
ments (2). Thus a more accurate picture of the assimilation of dextrose can 
be obtained when no other possible source of carbon is present in the medium. 
The procedure used in the analysis of dextrose was that described by Lath- 
rop and Holmes (6) as modified by Lott (8). 

Very little change occurred in the dextrose content of the medium during 
the first twelve hours of growth. This is the period when mycelial weight 
measurements also showed very small weight increases. Between 12 and 48 
hours the sugar was almost entirely consumed (fig. 5). The dextrose in the 
medium dropped from 9.6 grams per liter to 0.75 grams per liter. The curve 
leveled off at 54 hours when the dextrose reached 0.1 per cent of the original 
concentration. At the time when the weight of mycelium reached its peak, 
36 hours, 61 per cent of the initial dextrose had been assimilated and the 
remainder was rapidly utilized during the next 18 hours, a period when no 
new mycelium was produced. 


Consumption of Minerals. A study of the total changes in the mineral 
content of the synthetic medium during growth was made by conducto- 
metric measurements. The specific conductivity of the medium decrease 
slowly but steadily during the first 36 hours, from 2450 to 2100 reciprocal 
ohms. An increase in conductivity occurred at 48 hours, but at 54 hours the 
values again were about 2100 and remained at that level for the rest of the 
run. Unless other readily ionizable materials were produced during this 
period, the total amount of mineral in the medium was not greatly depleted 
during mycelium formation. 

DISCUSSION 


The data accumulated in this study indicate that certain correlations 
exist in shake culture irrespective of the medium used. Viscosity changes in 
the medium seem dependent upon the growth of the mycelium. With increas- 
ing weight an increase in the viscosity occurs, and the peaks for mycelial 
weight and viscosity are simultaneous. Both peaks are then followed by a 
decrease in their respective values. This phenomenon was also verified by 
microscopic observations, which showed an increased amount of growth and 
intermingling of the hyphae until about the time at which the maximum 
weight occurred. The profuse and general intermingling of the hyphae 
throughout the medium could thus reduce the free movement of the liquid 
portion of the culture and bring about an increased viscosity. Because both 
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the weight and viscosity measurements decrease before any apparent frag- 
mentation of the hyphae is visible the decline of the culture most probably 
begins soon after maximum growth has occurred. 

The production of streptomycin is not dependent solely upon the growth 
of S. griseus. Many other factors such as high temperatures, which allow opti- 
mum growth inhibit streptomycin synthesis (10). Similarly, on surface cul- 
tures some carbohydrates will furnish material for good growth, but poor 
streptomycin production (3). Under favorable conditions, however, strepto- 
mycin production is dependent upon the amount of mycelium produced. The 
period of maximum accumulation of streptomycin in the medium, however, 
invariably lagged behind that period of maximum growth. These results are 
at variance with those recently reported for surface culture in which ‘‘the 
maximum concentration of streptomycin corresponded to the peak of growth 
for the organism’’ (11). Two explanations of these data are evident, (1) that 
the synthesis of streptomycin can take place in a ‘‘declining’’ mycelium, and 
(2) that because of the degradation of the mycelium the streptomycin previ- 
ously synthesized is more readily released. Collateral evidence for the second 
explanation is that streptomycin is always found in the mycelium of culture 
at the time the solution contains its maximum quantity. Sometimes this 
residual streptomycin is as high as 20 per cent. As noted by Waksman et al. 
(11), the streptomycin content of the medium decreases after the peak has 
been reached and this decrease usually occurs about the time fragmentation 
of the hyphae is observed. The cause of the gradual reduction in the strepto- 
mycin content of the medium is still a moot question. 

Studies of the changes in hydrogen-ion concentration during the produe- 
tion indicate that such changes can be divided into two phases. The first stage 
is one of active growth and usually is completed in 36 hours. During this 
stage the pH changes are dependent upon the nature of the medium. An 
initial increase occurs in some media, which is followed by a decrease. In 
other media an increasing pH is evident from the start. The second stage is 
similar in all media; it is a period of increasing alkalinity with a tendency 
to level off after 96 hours. The increased pH begins after the maximum 
gvrowth has been reached and decrease in mycelial weight has begun. Such 
a high pH during the ‘‘decline’’ of the culture might be due to the liberation 
of ammonia and basic organic nitrogen compounds during the degradation 


of the mycelium (4). 


SUMMARY 


1. Microscopic observations and mycelial weight measurements indicated 
that the growth of S. griseus in ‘shake culture reached a maximum, after 
which the culture declined and lysis and fragmentation of the mycelium 
occurred. 

2. The viscosity of the culture was directly related to growth. 
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3. The peak of streptomycin production lagged behind the growth peak. 

4. Changes in pH ean be divided into two phases, those occurring during 
growth, and those associated with the ‘‘decline’’ of the culture. 

5. The ability of various strains of S. griseus to raise the pH of the 
medium was not associated with their ability to produce streptomycin. 

6. The synthesis of streptomycin proceeded only in the presence of 
oxygen. 

7. Very little change occurred in the specific conductivity of the medium 
during fermentation. 

8. The synthetic medium was depleted of 60 per cent of the original dex- 
trose content before the peak for streptomycin production was usually 
reached. 


DEPARTMENT OF HORTICULTURE, UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
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ESTIMATION OF ANTIBACTERIAL SUBSTANCES BY 
SERIAL DILUTION METHODS 


FREDERICK KAVANAGH 


Incomplete search through the plant kingdom for antibacterial substances 
has revealed more than fifty named agents that are active in suppressing the 
growth of suitable test organisms. Some of these substances have been so 
poorly characterized that the same one may appear more than once in a 
complete list of antibacterial substances of natural origin because it was ob- 
tained from two or more different plants. The discovery of each new anti- 
bacterial substance increases the difficulty of distinguishing which are new 
and which are only old substances from new sources, and may create new 
problems in quantitative estimation. 

Ideally, the methods of assay and identification of antibacterial sub- 
stances would be specific chemical methods which could be applied to dilute 
solutions containing many other substances. When more is learned about 
the chemistry of each antibacterial substance, probably such specific chemi- 
cal methods for their identification and determination may be devised. Until 
this is done, antibacterial tests will have to be used both to characterize the 
substance and to follow it during the process of isolation and purification. 
Though the assay methods employ relatively few species, the tests made for 
purposes of identification require the use of many bacteria. The details of 
the tests used in identification, however, are the same as those used in the 
assay methods and need not be described separately. 

In the production, concentration, and isolation of an antibacterial sub- 
stance, the most frequently repeated operation is the determination of the 


quantity of active substance. This is done by measuring the inhibitory ac- 


tion of the substance on the growth of a test organism. Three general meth- 
ods of assay, each of which has several modifications, have been used. These 
are: the streak-plate; the cup-plate; and the serial dilution method. Each 
method has certain advantages and disadvantages, some of which will be 
mentioned. 

In the streak-plate method (5, 19), the antibacterial substance is diluted 
in nutrient agar, the agar poured into petri dishes, and the surface of the 
agar streaked with bacteria. After a period of incubation, the highest dilu- 
tion of the antibacterial substance that inhibits the growth of bacteria on the 
surface of the agar is chosen as the end-point and the activity is computed 
from this dilution. Several species of bacteria can be streaked on the same 
plate. The dilution steps are usually rather large and the activities so ob- 
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tained have a large systematic uncertainty. The method is useful in various 
surveys, however, because the approximate activity against several organisms 
can be measured with a relatively small expenditure of material and labor. 

In the cup-plate method (5, 10, 16, 18) short cylinders are placed on the 
surface of agar that has been inoculated with a suitable test organism ; some 
of these cups are filled with solutions of known concentrations of a reference 
substance, preferably the one being assayed; the remainder of the cups are 
filled with dilutions of the sample of unknown concentration; the plates are 
incubated for about eighteen hours; and the zone of inhibition around each 
cup is measured to the nearest 0.5 mm. The diameter of the zone of inhibition 
is directly proportional to the logarithm of the concentration of the anti- 
bacterial substance for a certain range of concentrations. To achieve the pre- 
cision of which the method is capable, very exact control of the many factors 
that influence the diameter of the zone of inhibition must be maintained. A 
laboratory which does few tests is not likely to have either the trained per- 
sonnel or the equipment necessary for attaining high accuracy. One of the 
advantages claimed for the cup-plate test is that the sample assayed need 
not be sterile. This would seem to be a dubious advantage in determining 
penicillin, which is so susceptible to the penicillinase produced by many 
bacteria. For assaying other substances, which are not affected by bacterial 
enzymes, however, the use of a non-sterile sample is advantageous, espe- 
cially with thermolabile substances which are adsorbed by Seitz filters. The 
cup-plate method is also used in testing the action of substances against 
fungus spores suspended in the agar. The paper-dise (11, 17) method isa 
variant of the cup-plate method. 

In the serial dilution method (5, 7, 12) the dilutions of the antibacterial 
substances are made in tubes of nutrient broth. The method involves the fol- 
lowing steps: (1) dilution of the active substance in nutrient broth; (2) 
inoculation of the serial dilutions with the test organism; (3) estimation 
of an endpoint after a period of incubation; and (4) computation of the 
activity of the substance from the dilution of the endpoint. The materials re- 
quired are a sterile sample of the substance to be tested, sterile test-tubes and 
pipettes, and a clear medium in which the test organism will grow. Five ad- 
vantages of the dilution tube method are: (1) the technique is simple and 
easily learned; (2) the factors influencing the test are few or can be con- 
trolled for long periods of time; (3) the test is capable of fairly high pre- 
cision ; (4) the activity of an active substance can be expressed as a number 
which is directly proportional to its concentration (this is also true of the 
streak-plate method) ; (5) a number of useful modifications are possible. 

Theoretically, the concentration determined by the cup-plate method is 
the same as that put into the cup, whereas the concentration determined by 
the dilution method lies between two values, neither of which is necessarily 
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the same as that of the sample, although one of them is arbitrarily taken to 
be its concentration. The uncertainty thus introduced will depend upon the 
type of test used and is less than 20 per cent for the arithmetic-series dilu- 
tion method, or about the same as the error of the cup-plate method as it is 
usually performed. In fact, some laboratories (15) have found a dilution 
method to be twice as precise as the cup-plate method; their error for the 
dilution method was about 10 per cent. Which method is to be used in an 
investigation will usually be determined by considerations other than those 
of accuracy and precision. 

Several quick dilution tests that have special and limited application are 
described in the literature. In one test (8) very large numbers of bacteria 
were added to tubes containing the antibacterial substance, the tubes were 
incubated for 1.5—4 hr., and the turbidity was measured; the greater the 
amount of the active substance the less was the turbidity. In the nitrite 
method (6) for estimating penicillin, an incubation period of from 1 to 1.5 
hours was sufficient. 

In another test (13) a strain of hemolytic streptococcus was used, and 
after a short period of incubation, 0.5—-1 hour, in the presence of red blood 
cells in a broth medium, the highest dilution showing no trace of hemolysis 
was taken as the endpoint. 

Sometimes the selection of the endpoint in the dilution test is not certain, 
especially when part of the population of the test bacteria are resistant to 
the active substance. In the streak and cup-plate methods, the resistant or- 
ganisms form isolated colonies in the zone of inhibition and can be ignored 
in evaluating the test. In the dilution tube method, these organisms cause 
turbidity where only clear tubes should be and make uncertain the interpre- 
tations of the test. Therefore, strains of bacteria’ having few resistant organ- 
isms should be used for dilution tests. The serial dilution methods to be 
described have been used for four years and have been found to be adequate 
for most identifications and measurements. 

The dilution tube method and its modifications, as used in this laboratory, 
are discussed under the following heads: (1) the bacteria, their selection and 
maintenance; (2) the test-media and physical condition for the tests; (3) 
the technic of the tests and the interpretation of assays; and (4) the possible 
errors introduced by mechanical imperfections and biological variations. 


1 It is not certain whether the bacterial population contains members resistant to the 
antibacterial substance or whether the resistant members develop their resistance in the 
presence of it. For the sake of simplicity of statement, the assumption will be made that 
the population contained the resistant members before exposure to the active substance. 
Demeree (1) has given evidence that penicillin resistance in Staphylococcus aureus is the 
result of mutation. 
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THE BACTERIA 





Selection of Bacteria. 
object of the test, which may be: the determination of the potency of culture 


The strain of bacteria used depends upon the 














liquids and the fractions obtained from them in the process of purification; 





the determination of the characteristics of the active substance by measuring 








its activity against standard strains of bacteria; the determination of the 








activity against bacteria resistant? to other antibacterial substances. Most 








tests are made to determine the potency of various preparations. 









Standard Strains of Bacteria. 


of bacteria makes difficult the comparison of results obtained by different in- 


The use of different strains and species 





vestigators, since strains of a species of bacteria may respond differently to 





an antibacterial substance. If the same strains of bacteria were used by all 








investigators for characterization, possible identity would be immediately 





obvious. 








To establish a standard set of bacteria for our tests, certain of the 











standard tester strains of S. A. Waksman, supplemented by other species of 





bacteria which have been found useful, were selected. As many as possible of 





the standard tester strains of S. A. Waksman are used because the ereatest 





number of substances have been tested against these strains. The bacteria 





selected are relatively non-pathogenic and are easily maintained. While these 





bacteria are sufficient for most purposes, it may be necessary to use many 





more species in studying the production and purification of an active 
substance. 








The following three strains of Gram-positive bacteria seem to be all of 





this group that are necessary for characterizing an antibacterial substance: 
Staphylococcus aureus, Heatley strain (ATCC 9144), hereafter written 
Staph. aureus H., was obtained from G. W. Rake of the Squibb Institute 
for Medical Research ; Bacillus subtilis (ATCC 9633), and Bacillus mycoides 
(ATCC 9634), are two of the standard tester strains of S. A. Waksman. 
The Gram-negative bacteria should include the Escherichia coli (ATCC 























2 The tests using resistant bacteria, while few, are important because they frequently 
establish whether the particular substance is a new one. The bacteria used for this purpose 
are derived from the Heatley strain of Staph. aureus. Since they are resistant to one or 
more known substances, they are useful in identifying such substances. Strains resistant 
to three substances have been developed. The resistant strains are used to establish lack 
of identity of two or more substances. Consider the following example. Penicillin and an 
unknown antibacterial substance are tested against a penicillin resistant strain of bae- 
teria, and the bacteria are found to be susceptible to the unknown. One could say then, 
with certainty, that the unknown was not penicillin. If the bacteria had been resistant to 
penicillin and the unknown, one would know that either the two substances act the same 
or that resistance to the unknown had developed. It is this latter possibility which makes 
the results ambiguous when the bacteria resistant to a known substance are also resistant 
to the unidentified one. Antibacterial identity of two substances does not guarantee chemi- 
eal identity, which can be established only by chemical means. 
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9637) that is the standard tester strain of S. A. Waksman, Klebsiella pneu- 
monia® (ATCC 9997), and Pseudomonas aeruginosa (ATCC 10145). 

In addition to the Gram-positive and Gram-negative bacteria, the 
Doudoroff strain of Photobacterium Fischeri is valuable for these tests. 

Acid-fast bacteria are used in certain survey work. The following strains 
grow fairly rapidly in the modified Kirchner medium and are relatively non- 
pathogenic: Mycobacterium smegmatis (smegma) ATCC 10143, Myco. lacti- 
cola, Myco. phlei ATCC 10142, Myco. avium, Myco. berolinensis, and Myco. 
ranae. 

For the determination of the potency of crude culture fluids, chemically 
fractionated preparations, and animal fiuids usually only one of the follow- 


ing species of bacteria need be used: Staph. aureus H., E. coli, B. subtilis, 
and Kleb. pneumoniae. We use Staph. aureus H. for routine determination 


of the potency of all antibacterial substances formed by the Basidiomycetes. 


Maintenance of Stock Cultures. The media used in testing antibacterial 
substances fall into two groups, those used for propagation of the bacterial 
cultures and those used in the dilution tests. All of the 30 species and strains 
of bacteria, except the Photobacterium, maintained in this laboratory grow 
satisfactorily on the Bacto—A.C. medium used in the form of broth and agar 
slants. This medium contains per liter: 5 g. dextrose, 3 g. Difco malt extract, 
3 ¢. Difco Baecto-Beef Extract, 3 ¢. Bacto-yeast extract, and 20 g. Proteose 
Peptone No. 3 Difco. The pH is 6.3 after sterilization. The medium for the 
agar slants is made by adding 15 g. agar to one liter of the A.C. broth. The 
Mycobacteria are maintained in a modified Kirchner medium in which they 
form a uniform suspension without a surface pellicle. The Photobacterium 
culture is maintained in an artificial sea-water broth or on the E-Y agar. 

Weekly transfers of the bacteria (other than Mycobacterium) from agar 
slants to freshly sloped A.C. agar slants are made, The tubes are incubated 
at the appropriate temperature for 24 or 48 hours, depending upon the 
rate of growth, and are then stored at 11° C until needed. A complete set 
of cultures transferred at monthly intervals is kept in the refrigerator 
at 4° C. 

The Mycobacteria are grown in the modified Kirchner medium and fresh 
transfers are made every three days. The tubes are kept at 36° C until trans- 
fers are made to fresh broth. The stock culture of Photobacterium can be 
maintained in tubes of the artificial sea-water solutions, in which they may 
remain viable for at least four months at 15° C. B. subtilis and B. mycoides 
are grown at 30° C, and all other bacteria are grown at 36-37° C. 

The agar medium on which Egorova and Yarmolink (4) grew Bact. 
Issatchenkoi and kept its light-producing ability for twenty-three years is 


’ This strain is useful for streptothricin and streptomycin assays because it contains 
very few individuals resistant to these substances. 
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much better for maintaining stock cultures of photobacteria than the sea- 
water broth solidified with agar. The formula for E.Y. agar, modified by the 
substitution of Bacto-peptone for Witte Peptone and water for the fish ex- 
tract is: NaCl 30 g¢., K,HPO, 1 g., MgSO,:7H.O 0.5 g., asparagine 5 g. 


’ 
Bacto-peptone 10 g., agar 15 g., distilled water 1000 ml., pH after steriliza- 
tion 6.6. 


TEST-MEDIA AND PHYSICAL CONDITIONS FOR THE TESTS 


In general, the test-media are not as rich as the A.C. medium and the 
growth of the bacteria is slower than it is in the A.C. medium. The test- 
media should not contain appreciable amounts of substances which inhibit 
the action of the antibacterial substances. 

Four test-media are necessary when the bacteria mentioned previously are 
used. Assays in which Staph. aureus H., E. coli, Kleb. pneumoniae, and Ps. 
aerugimosa are used are performed in beef extract (B.E.) medium which 
contains 5 g. of Bacto-Peptone and 3 g. Bacto-Beef Extract per liter of solu- 
tion. The pH after sterilization is 6.8. The B.E.D. medium is beef extract to 
which 5 g. dextrose is added to each liter of B.E. medium before sterilizing; 
it is used for assays with B. subtilis and B. mycoides. The pH is 6.6 after 
sterilization. The mycobacteria are maintained in the ‘‘growth medium’’ and 
tested in the ‘‘test medium.’’ the composition of which is shown in table 1. 





TABLE 1. Composition of the two modified Kirchner’s media for 
the M ycobacteria. 


Growth-Medium Test-Medium 

Asparagine 5 g. 5 g. 
Glycerol 20 g. 20 g. 
Lecithin 0.5 g. 0.1 g. 
Tween 80 0.5 g. 0.1 g. 
Na,HPO, 3 g. 3 g. 
KH,PO, 4 g. 4 g. 
MgSO, -7H.O 0.6 g. 0.6 g. 
Na citrate 2.5 g. 2.5 g. 
Fe NH, citrate 0.05 g. 0.05 g. 
Water 1000 ml. 1000 ml. 
pH 6.6 


The Tween 80 is a wetting agent made by the Atlas Powder Co. Dubos (3) 
introduced the use of Tween 80 and lecithin in media for mycobacteria. The 
Photobacterium is tested in an artificial sea water (i4) medium which has 
the following composition : 26.7 g. NaCl, 0.71 g. KCl, 1.15 ¢. CaCl, 6.81 g. 
MgS0O,-7H,O, 2 g. peptone, and distilled water 1000 ml. The pH after 
sterilization is 6.2-6.6. The inoculum is prepared by inoculating a flask of 
the artificial sea-water with several ml. of the stock Photobacterium ecul- 
ture or cells scraped from the surface of a culture growth on E.Y. agar, and 
incubating this at 15° C for 48 hours. A flask of inoculum is prepared because 
a large volume of inoculum is needed for the antiluminescent tests (9) which 
are usually done at the same time as the antibacterial tests described here. 
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Test Inoculum. The inoculum for most of the bacteria is prepared by 
transferring a large number of bacteria from an A.C. agar slant to a tube 
of A.C. broth and ineubating it for 6 hours at 36°. B. subtilis and B. 
mycoides, however, are grown for 24 hours at 30° C. The one- or two-days-old 
cultures of the mycobacteria in the Kirchner’s broth are used as the 
inoculum. 

The 24-hour cultures of B. subtilis and B. mycoides, are diluted 1000 
times in B.E.D. broth. The 24- or 48-hour cultures of mycobacteria are di- 
luted 50 times in the modified Kirchner’s test-medium. The 48-hours-old 
eulture of the Photobacterium Fischeri is diluted 500-fold with artificial 
sea-water just before using. The six-hour A.C. broth cultures of the other 
bacteria are diluted one million times in the B.E. medium to give a concen- 
tration of bacteria of from 500 to 2000 per ml. 


CONCENTRATION OF BACTERIA 


The minimum inhibitory concentration of an antibacterial substance may 
increase greatly with an increase in the concentration of bacteria used in the 
test because of the concomitant increase in the number of bacteria resistant 
to it. When large inocula are used, the bacteria that actually function in the 
test are the few that are resistant and not the greater part of the population 
that is sensitive to the active substance. This is the reason that small inocula 
are used in the methods described here. 

The minimum concentration of an antibacterial substance that inhibits 
a particular strain of bacteria is measured for concentrations of bacteria of 
about 1,000 cells per ml. Then the strain is tested for suitability* in assaying 
the antibacterial substance. This is done by adding from 10,000 to 1,000,000 
bacteria to tubes of test media containing known concentrations of the anti- 
bacterial substance and 1.5 per cent agar and pouring into petri dishes. The 
number of colonies is counted after an incubation of 48 hours. 

When Staph. aureus H. was found to be unsuitable for assay of strepto- 
thricin solutions, the reason was sought by the plating method outlined 
above. Two cells of every 10,000 were resistant to 20 times the inhibitory 
concentration of streptothricin and very many were resistant to twice the 
inhibitory concentration. The same culture contained in 40 million cells only 
1 cell resistant to 2.5 times the inhibitory concentration of penicillin. In 
another test, there were only 20 cells per million resistant to twice the mini- 
mum inhibitory concentration of penicillin. This strain of Staph. aureus is 
known to be satisfactory for assay of penicillin. In any 1000 cells of a culture 


4A satisfactory bacterial culture is one which produces a population most of whose 
members are inhibited by a concentration of an antibacterial substance less than twice 
as great as the concentration which causes an appreciable decrease in number. Whether or 
not a bacterial species is a satisfactory test organism depends upon the strain and the 
substance used. 
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of Staph. aureus H.. the chance of finding one cell resistant to penicillin jg 
very small and the chance of finding one resistant to streptothricin js large. 
Similar tests showed that Staph. aureus H. is unsatisfactory for assay of 
streptomycin. 


Incubation Temperatures. All tests using Photo. Fischerj are ineu- 
bated at 15° ©. The tests with B. mycoides and B. subtilis are incubated at 
30° C, though the sensitivity of B. mycoides and B. subtilis to the antibae- 
terial substances js increased considerably by ineubation at temperatures 
lower than 30°. The tests with all other bacteria are made at 36-37° ©. 


Glassware, The serial dilution tests are done in 12>» 75 mm. Kahn 
tubes. The pipettes are EXAX Blue Line ] ml. serological pipettes graduated 
in units of 0.01 ml. All pipettes are cleaned with a nitro-sulfurie acid clean- 
ing mixture. rinsed with water, and sterilized. The Kahn tubes are packed 
inverted in small baskets, sterilized. and stored in them. The tubes become 
scratched on the outside during the process of washing and have a limited 
life. While slightly scratched tubes can be used in the serial dilution tests, 
the arithmetic-series tests require unseratehed tubes. 


All glassware is sterilized by autoclaving at 120° © for 15 minutes. 


Preparation of Sample. Since the growth of the bacteria may be in- 
hibited by increased acidity of the nutrient solution and the activity of the 
antibacterial] substance may be greatly influenced by the acidity of the 
medium, the PH of the samples should be adjusted to about PH 6 before 
assaying, The solutions to be assayed are diluted with B.E. broth or water 
until the activity is less than 32 dilution units. Of course, the amount of 
dilution will] depend upon the Sensitivity of the test organism to the sub- 
Stance being assayed and the concentration of this substance. Frequently it 
is necessary to assay solutions that contain large amounts of organic solvents. 
Saturated aqueous solutions of chloroform or ethyl acetate did not inhibit 
Staph. aureus. Concentrations of ethyl alcohol less than 5 per cent did not 
inhibit Staph. aureus, B. mycoides, E. coli, Kl b. pneumoniae. and Photo. 
Pischeri. However. there is always the possibility of synergism between the 
organic solvent and a subinhibitory concentration of the antibacterial sub- 
stance. The solutions of the antibacterial substances must be prepared under 
aseptic conditions or sterilized before assaying. Acidie substances and neutral 
substances can be filtered through Seitz or sintered-glass filters without loss 
by adsorption. Thermostable basic substances, e.g, Streptothricin and strepto- 
mycin, are sterilized by heating rapidly to boiling. This is the most conveni- 
ent way to sterilize thermostable antibacterial substances. The *“Swinny 
Filter’’® is a very useful form of the Seitz filter because samples of between 
1 and 5 ml. can be filtered with a loss of less than 0.5 ml. 


' Made by Beeton, Dickinson and Co. 
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TECHNIQUE OF THE TESTS 


Principle of the Dilution-Tube Test. The principle of the test is very 
simple. Several dilutions of the antibacterial substance in tubes are inocu- 
lated with the test bacterium, incubated, and the lowest concentration of the 
substance which causes apparently complete inhibition of the growth of the 
bacteria is taken as the inhibitory concentration. From this concentration is 
caleulated the activity of the active substance. 

The tests are read usually after 16—18 hours, after 24 hours, and after 
42 hours of incubation. The concentration of bacteria and the composition 
of the test-media are chosen so that good turbidity will develop in 16 hours 
except with Myco. phlei and Myco. smegma, which are incubated for 24 hours 
before the first reading is made. Whether or not a large change occurs on 
incubation beyond 16 hours depends upon the active substance and the strain 
of bacteria. 

The time of incubation that gives reproducible assays depends upon both 
the antibacterial substance and the strain of bacteria and can be determined 
by repeated assay of the same solutions. Some substances may show at the 
end of 42 hours of ineubation only one-eighth as great an activity as that 
at the end of 16 hours of incubation. 

The tests to be described fall into one of two categories: in one, the con- 
centrations of the active substance in the tubes form a geometric progression ; 
in the other test, the concentrations form an arithmetic progression. The 
various modifications of the two types of tests will be discussed separately. 


Geometric-Series Tests. Single series—non-pathogenic bacteria. Three 
modifications of the geometric-series tests are used. The test used with rela- 
tively non-pathogenic organisms, and therefore used for most of the assays, 
requires the minimum of manipulation. Racks that hold two or three rows 
of 10 or 12 tubes each are filled with sterile, unplugged 12 x 75 mm. Kahn 
tubes, and 0.5 ml. inoculated broth are added to each tube by a ‘*‘Cornwall® 
Pipetting Outfit’’ or by a 5 ml. pipette. A 0.5 ml. volume of the sterile anti- 
bacterial substance is added to the first tube by means of a sterile 1 ml. sero- 
logical pipette. The contents of the tube are mixed thoroughly and 0.5 ml. 
are transferred to the next tube. The contents of this tube are mixed, 0.5 ml. 
are transferred to the next tube, and so on to the end of the row. The solution 
of the antibacterial substance is diluted twice in each step as follows: 

Tube No. 1 2 3 4 5 6 7 s 9 10 

Dilution 2 4 8 16 32 64 128 256 512 1024 

The racks of tests are put in the appropriate incubator and left for about 
16 hours, after which they are removed, shaken to aerate the solutions and 
to suspend bacteria that may have settled to the bottom of the tube. The 
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number of clear tubes (tubes without the slightest trace of turbidity) is 
counted and the racks are returned to the incubator. The number of clear 
tubes is counted again after 24 hours and after 42 hours of incubation. 

If, after incubation, the first five tubes are clear and the sixth turbid, the 
antibacterial solution is said to be active at a dilution of 32, or to have an 
activity of 32 dilution units per ml. when tested against the organism used 
in the assay. We have found that for most purposes, the activity of our solu- 
tions can be expressed in terms of the highest dilution that gives a clear tube. 
Tubes with incomplete inhibition are never used in computing activities 
unless the active substance is one which does not inhibit the growth of all of 
the bacteria. When it is available, a standard solution made from the pure 
substance is included in each set of assays, and the results are reported in 
terms of the standard.® Usually the pure substance is neither available nor 


necessary. 


Single series—pathogenic and luminescent bacteria. Tests with patho- 
genic bacteria and Photobacterium are done in a 1 ml. geometric-series 
dilution test as follows: To the tubes are added 0.5 ml. of broth, the serial 
dilution is performed as above, and 0.5 ml. of inoculated broth are added to 
each tube. The racks of tubes are incubated, and the clear tubes are counted. 
The dilution for a tube is twice that given in the dilution scheme. Approxi- 
mately the same number of bacteria are added to each tube in this procedure. 

Since unplugged tubes are used, it might be thought that air-borne con- 
tamination of the tubes would be frequent. On the contrary, obvious con- 
tamination is rare even after 40 hours of incubation. The number certainly 
is no larger than the number contaminated when plugged tubes are used. 
The extra handling given the plugged tubes increases the chances of finger- 
borne contaminations. It is advisable to use plugged tubes if there is any 
danger of accidentally infecting laboratory personnel from spilled tubes. 


Intermediate-Tube Series. <A third modification of the geometric-series 
dilution test is the intermediate-tube test. For it, two or more 5-tube tests are 
performed, using two or more dilutions of the solution assayed. These dilu- 
tions are chosen so that they form an arithmetic progression, beginning with 
1, in which the common difference is the reciprocal of the number of tests. 
The usual assay procedure is one in which two 5-tube tests are performed, 
using dilutions of N and 1.5 N, where N is a dilution of the solution to be 
assayed such that the endpoint (last clear tube) will fall within the range 

6 The practice of reporting the activity of one substance in terms of an entirely 
different one as a standard is not to be recommended because the two substances do not 
necessarily behave in the same way. Values obtained on the same test solution at different 
times will not be the same, even though the activity of the test solution gives the same 
activity in terms of dilution, unless the activity of the standard is also the same at all 
times. 
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of a 5-tube test. With our antibacterial solutions, N has varied between 1 and 
256 for Staph. aureus H. After incubation the two sets of tubes (one row in 
the rack) will present one of two pictures. Either the number of clear tubes 
will be the same in both tests or the second set (1.5 dilution) will have one 
clear tube less than the first set. How, then, is the test to be interpreted? 
Consider first a specific example in which 4 tubes are clear in the first set 
and 3 tubes are clear in the second set. The four tubes of the first set repre- 
sent a dilution of 16, while the three tubes of the second set represent a dilu- 
tion of 12. From the first set, it is learned that the solution is active at a 
dilution of more than 16 and less than 32, and from the second set, that is 
as active at a dilution of more than 12 and less than 24. For the sake of con- 


TABLE 2. Dilution Table for Intermediate-Tube Test 


Tubes Clear, Dilution of 1 











| 
| 
0 1 2 } 4 5 
| 
0 2 2.5 
8 | | 
“ l 3.5 5 
: | 
3 9 7 10 
~ | 
az } 14 20 
. | 
4 8 40 
| 
| 
5 56 





venience, such a solution would be assigned a dilution of 20, a value midway 
between 16 and 24. Now consider a test in which 4 tubes are clear in both 
sets. The first set indicates a dilution of between 16 and 32, while the second 
set indicates a dilution of between 24 and 48 thus narrowing the dilution to 
some value between 24 and 32. For convenience, the average, 28, is taken. 
Table 2 gives the values of the dilutions for all possible 5-tube tests set up 
as above. 

This test seems to be more involved than the geometric-series dilution 
test. What then is the advantage of it? The maximum systematic uncertainty 
of dilution in the geometric-series dilution test is 50 per cent, whereas in 
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this test it is 20 per cent. As we do it, very little more work is required for 
this method than for the geometric-series dilution test. The necessity for 
diluting the sample 1.5 is avoided by adding 1 ml. of broth to the first tube 
of the second set. When 0.5 ml. of sample are added, the required dilution 
of 3 in the first tube is obtained. Only one pipette is used for each row of 
10 tubes. 

This test is much faster and easier to do than the arithmetic-series test. 
Although the intermediate-tube test can be used to obtain assays, using 
bacteria which are not suitable for the arithmetic test, there is no substitute 


for a satisfactory test organism (see footnote 4). 


Arithmetic-Series Tests. The arithmetic-series type of dilution test is 
a slight modification of the 2 ml. test described by McKee, Rake and Menzel 
(2, 12). In this test, volumes of a suitably diluted antibacterial solution 
ranging from 0.02 to 0.10 ml. in increments of 0.01, are added, by a Kahn, or, 
better, by a 0.2 ml. measuring pipette to empty 12x75 mm. Kahn tubes. 
Then 0.5 or 1 ml. of inoculated broth is added from a 5 ml. pipette or a 
**Cornwall Pipetting Outfit.’’ After incubation, the highest dilution which 
gives a clear tube is taken as the activity of the solution. The dilution is 
obtained from the following scheme for the 1 ml. test: 


Tube No. ] 2 3 } 5 6 7 8 9 
ml. sample added 0.1 0.09 0.08 0.07 0.06 0.05 0.04 0.03 0.02 
Dilution 1] 12.1 13.5 15.3 17.7 21 26 34.3 51 

Relative Cone. 091 .082 O74 065 057 048 038 029 02 


The systematic uncertainty varies from 10 per cent of the dilution for the 
first tube, to 19 per cent for tube 5 and to 39 per cent for the last tube. Hence 
the solutions are diluted before assay so that the first cloudy tube will fall 
between tubes 2 and 6. While neither the dilution increment nor the per- 
centage of uncertainty is constant for this test, tests can be devised in which 
either is constant. 

Sinee it is the concentration of the antibacterial substance in the solution 
that determines the inhibition of the test organism, a test designed so that 
the concentration difference between adjacent tubes is constant would be 
desirable. Such a constant difference in concentration test can be set up by 
keeping the total volume constant in the above arithmetic test. However, the 
volumes of broth must then be measured with a 1 ml. pipette graduated in 
units of 0.01 ml., a diffieult and tedious procedure. The concentration dif- 
ference in the 1 ml. or 0.5 ml. arithmetic-series test is sufficiently constant 
for most purposes and is much easier to do than the test in which the 
difference is exactly constant. Because of the errors possible in measuring the 
small volumes, the antibacterial solutions are diluted so that the end-point 
will occur between the first and sixth tube. 
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Results Obtained by the Three Test Procedures. Three types of as- 
say procedures with three different degrees of uncertainty have been de- 
scribed. The arithmetic-series test presumably is the most accurate, and the 
values obtained by it will be considered to be correct. From the way in which 
the intermediate-tube test is designed, it must give inhibitory concentrations 
less than those given by the geometric-series dilution test. 

What is the usefulness of the three tests? The geometric-series dilution 
test is used with solutions which may show activity between rather wide 
limits, and when a precision greater than 50 per cent is not needed. The re- 
sults of the geometric-series dilution test are used to determine the dilution 
which will bring the activity within the range of the more precise inter- 
mediate-tube and the arithmetic-series test. The type of test should be chosen 
after considering the precision needed. 

The results obtained by assaying the same solutions by the three test 
procedures are shown in table 3. All of the antibacterial compounds’ had a 


TABLE 3. Minimum Inhibitory Concentrations in Micrograms per Milliliter 
Obtained by Three Dilution Methods. 


Type of test 


Substance Bacterium 
Geometric Intermediate Arithmetic 
Penicillin G Staph. aureus H 0.031 0.018 0.021 
Penicillin G Eseh. eoli 28 16 16.9 
Penicillin X Eseh. coli 14.6 8.4 12.5 
Streptomycina Kleb. pneumoniae 0.125 0.071 0.069 
Streptomycin CaCl,a Kleb. pneumoniae 0.125 0.071 0.069 


4 Concentrations computed in terms of free base. 


purity of 90 per cent or better. The 0.5 ml. arithmetic test was used. Since 
population densities are not necessarily the same in 0.5 and 1.0 ml. of broth 
after an incubation period of 24 hours, comparison is made between 0.5 ml. 
arithmetic-series and 0.5 ml. geometric-series and intermediate-tube tests. 
This precaution is not necessary when an inhibitory concentration relative 
to a standard is being measured, since in that case the effect of volume of 
medium on the test will presumably be the same for unknown and standard. 

The best agreement was not always between the arithmetic-series and 
intermediate-tube tests; it was not infrequently best, between the geometric- 
series dilution and the arithmetic-series tests. The reason for these dis- 

7 The penicillins were crystalline preparations obtained from the Commercial Solvents 
Corp., the streptomycin trihydrochloride (M2213) assayed about 840 units per milligram 
by a spectroscopic method and was obtained from Dr. O. Wintersteiner of the Squibb 
Institute; the streptomycin calcium chloride double salt (109 X 28C) assayed 761 yg. 
base per mg. of crystals and was obtained from the Research Laboratories of Parke, Davis 
and Company. The two preparations of streptomycin were made to the same concentration 
before testing. The two penicillins were tested at equal molar concentrations. 
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crepancies is unknown but may be related to the details of the inhibitory 


action of the antibacterial substance upon the test bacteria. 


ERRORS 


Although millions of serial dilution tests on antibacterial substances have 
been performed, no discussion of the errors of mechanical and biological 
source has been published. It is easy to show that there are large pipetting 
errors In a geometric-series dilution test and that sometimes resistant or- 
ganisms can cause significant errors. The latter errors will be discussed first. 

In about one-half of the assays of streptothricin solutions with Staph. 
aureus H. by the geometric-series dilution method, one or more tubes show- 
ing a good growth of bacteria will be followed in the series by at least one 
tube showing no evident growth of the bacteria although it contained a lower 
concentration of streptothricin than the ones showing growth. Thus there 
are two endpoints in one test, one of which may be at a concentration of 
streptothricin from 4 to 16 times as great as the other. The bacteria in the 
out-of-place tubes will be found to be quite resistant to streptothricin. It is 
evident that the occurrence of out-of-line tubes at the high dilution end of 
the series of clear tubes could make the activity of the solution appear to be 
one-half or less of its real activity. The only satisfactory way to eliminate 
this error is to use a strain of bacteria which does not contain (or form) 
resistant forms. 

Because it is not obvious, a serious error in the dilution tests is caused 
by errors in measuring the volumes of liquids. The errors, like the test, form 
a geometrical series, and a small error raised to the tenth power, as it is in a 
ten-tube geometrie-series dilution test, becomes a large error. This can be 
demonstrated very simply by doing a ten-tube test with one pipette and re- 
peating the test with ten pipettes. When this was done the end-point was the 
ninth tube in the first test and the eighth tube in the second test. Too fre- 
quently, if the dilution for the arithmetic-series test is computed from the 
activity obtained from a geometric-series dilution test in which the endpoint 
was the sixth tube or more, the range of the arithmetic-series test will be 
missed. Usually the dilution is too great. Both bits of evidence indicate that 
the geometric-series test shows the activity to be greater than it is. Where are 
the sources of error and how large are they? 

Since antibacterial tests are no way to discover errors in diluting, an- 
other method was sought which would have high precision even after the 
test-solution had been diluted 1000 times. By doing a dilution test with 
5 N HC! and titrating the acid in each tube with 0.1 N NaOH, the required 
precision was obtained. Water, 0.50 ml., was put in each tube with a 
measuring pipette and a geometric-series dilution test was performed, using 
a 1 ml. serological pipette. Racks of tubes and a tube of acid were also given 
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to two experienced technicians who used their own pipettes and their usual 
technique since they did not know that the test was not the usual anti- 
bacterial test. The results are given in table 4. By weighing the water re- 


TABLE 4. Actual Dilution in Geometric-Series Dilution Tests Obtained 
from Titration of Acid. 


Tube Number i in 's 6 
Theoretical Dilution : ; ) 33 64 128 


Actual Dilution | W.J. 
ee W.J. 


| 54 
| 45 
24 
42 


Hm bo OO GO to Oe 


49.2 | 95.7| 184 | 337 | 660 


Computed for 
pipette of 


_ 
_ 


53.4 | 103 200 





moved, it was found that the dry EXAX Blue Line serological pipette used 
by F. K. removed 0.54 ml. when the liquid was drawn up to the 0.50 mark. 
The pipette delivered 0.53 ml. The pipette was found by the acid titration 
method to remove and deliver 0.53 ml. When 0.53 ml. is added to 0.50 ml., 
the dilution of the solution added is 1.94. Hence the dilution in each sue- 
ceeding tube is 1.94 raised to a power equal to the number of the tube (see 
table 4). 

The dilutions actually obtained in the first five tubes were nearly those 
computed for the pipette of F.K. and considerable deviation began at the 
sixth tube. The error in pipetting probably could be eliminated by removing 
0.47 ml. instead of 0.50 ml. of sample each time. But there are two other 
errors that can not be so easily avoided. One is the error in measuring the 
volume of broth put into the tube by the automatic syringe. In the above 
samples, the water volumes were measured with an error of 0.01 ml. The 
automatic syringe used for measuring the volume of the broth can cause two 
errors in volume, one the systematic error resulting from incorrect setting 
of the length of its piston stroke, and the second, a random one, caused by 
leakage of the popett valves. In a series of ten successive measurements of a 
0.5 ml. volume, the average deviation from the mean was 0.02 ml., the largest 
deviation was—0.06 ml. The negative errors were fewer and larger than the 
positive errors. The systematic error probably can be reduced to about 0.02 


ml. by carefully weighing 2 ml. of solution delivered by the syringe. A 


systematic error of 0.03 ml. superimposed upon the random error causes an 
error of dilution equivalent to 1 tube in a 9- or 10-tube geometric-series dilu- 
tion test. A 5 ml. measuring pipette was used to measure the 0.5 ml. quanti- 
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ties of broth with a mean volume delivered of 0.496 and an average deviation 
of 0.006 ml., an error in volume so small as to be insignificant. 

Another error is a hidden one that makes the dilutions less than theo- 
retical and is caused by adherence of high potency material to the wall of 
the pipette above the 0.50 ml. mark; this is finally washed down into a high 
dilution tube where it makes a large decrease in dilution. The small amount 
of liquid that adheres to the outside of the tip of the pipette also decreases 
the dilution. Thus the mechanical errors make substances assayed seem more 
active than they are by making the dilution in a tube considerably less than 
it really is. Positive error in measuring the volume of broth added by the 
automatic pipette increases the dilution and tends to offset the errors of 
pipetting. The reason dilutions computed from endpoints obtained in the 
range of tube 6 to tube 10 are in serious error is now obvious. Since we want 
to use the geometric-series dilution test because of its convenience, we either 
dilute the solutions assayed so that the endpoint falls within the first five 
or six tubes or we use the results only as a guide in diluting for the inter- 
mediate-tube test. A pipette calibrated to contain 0.50 ml. and 1.00 ml. would 
eliminate the pipette errors. Unfortunately such a pipette, calibrated from 
the tip, is not available. 

For measurements of the volumes delivered by the Kahn, the 1 ml. 
pipette, and the 0.1 ml. pipette, the meniscus was set by mechanical means 
so that the error of setting was not greater than the width of a calibration 
line. 

The volumes in the arithmetic test are measured with a 0.1 or 0.2 ml. 
measuring pipette graduated in units of 0.01 ml. or a Kahn pipette gradu- 


ated in 0.001 ml. The volumes of a Kahn and a 0.1 ml. measuring pipette at 


steps of 0.05 ml. were measured by weighing the volumes of water delivered 
with the following results: 


Range 00.05 0.05—0.10 0.10—0.15 0.15-0.20 
volume, Kahn 0.0526 0.0486 0.052 0.0506 
volume, measuring 0.051 0.050 


The accuracy of the Kahn pipette is not very great. If the 0.10—0.20 
volume were used in the 1 ml. test, the dilution would be 10.7 as compared 
with the theoretical 11.0. If the 0.05 volume were measured into the sixth 
tube, the dilution would be 20.0 as compared with the theoretical 21.0. 
Neither volume is in error enough to make a one-tube difference. The error 
of 0.05 ml. in measuring the volume of the broth in the tube probably would 
not make a 1-tube difference in the test. 

If the activity of the sample is reported in terms of a standard of nearly 
the same activity, the errors of dilution presumably will be the same for 
both the sample and the standard. Then, when the concentration of the anti- 
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bacterial substance in the sample is computed from the ratio of the activities 
of the sample and the standard and the concentration of the standard, the 
error resulting from mechanical imperfections will be relatively small. 









SUMMARY 






Several modifications are described of serial dilution methods suitable 





for quantitative measurement of concentrations of antibacterial substances. 
Selection of the bacteria and media for maintaining the stock cultures are 
described in detail. The activity of the antibacterial substance against three 
Gram-positive, four Gram-negative, and two acid-fast bacteria provides data 












useful in characterizing the antibacterial substance. The composition of the 
four test-media needed for the bacteria and the physical conditions for the 
tests are described. The manipulative details are given for an arithmetic- 
series dilution test and for two types of geometric-series tests. The value of 
each test is indicated. The errors in dilution tests resulting from errors in 
measurements of volumes are determined and ways to avoid them are sug- 















vested. More serious errors can be caused by bacteria—perhaps only a few 






cells—resistant to the antibacterial substance. 
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DIFFERENTIATION OF CARROT ROOT TISSUE 
GROWN IN VITRO 







MICHAEL LEVINE 










The study of vertebrate tissues in culture media has given unquestion- 
able evidence of the unlimited power of the cell to proliferate, to differen- 
tiate, and to assume physiological activity. While very young embryos of 
the chick, duck, and rabbit cultivated in vitro can grow, differentiate, and 
undergo definite tissue organizations, embryonic tissues in culture media 
have not been capable of reproducing the entire embryo. White (1939a,b), 
in his cultures in vitro of the tumor-like growths that occur on certain 
tobacco hybrids, reported first an unlimited proliferative power of this tis- 
sue, and later in the same year contended that the tissue cells differentiate 











into mature cell types, and furthermore form leaves not unlike those pro- 
duced in situ on this type of overgrowth. White believes that these cultures 
offer proof of the concept that the plant cell is a totipotent elementary or- 







ganism. 

Carrot root tissue grown in vitro has been studied intensively by 
Gautheret and by Nobécourt. Cambial tissue of the carrot root when grown 
in vitro, Gautheret (1940a) holds, shows a definite proximal-distal polarity 
which disappears in repeated subcultures, and forms an undifferentiated 
tissue mass. Yeast extract, he finds, increases the rate of growth over the 
purely synthetic media. In another paper (1940b) on cambial tissue growth, 
he finds tissue differentiation so that the exterior-interior polarity of histo- 
genesis is maintained. Gautheret (1942) contends that plant growth sub- 
stances are not specific root forming substances, but at low concentration 
favor cell multiplication as well as cell growth. The rooting effect induced 
by these chemicals is a new physiological response to toxic levels of these 
agents. Nobécourt (1942) studied the factors necessary to the growth of 
carrot tissue callus and he believes that glucose and indole acetic acid are 
indispensable. Carrot roots form tubercles slowly, Nobécourt (1943) believes, 
when grown in nutrient media with thiamine, but grow rapidly and form 
a tissue mass in the presence of indole acetie acid. He concludes that thia- 
mine is necessary to the growth of carrot roots while indole acetic acid is 





















needed to form undifferentiated tissue masses. 
In studying the effects of the carcinogenic hydrocarbons on plant tissue 





growth in vitro, two distinet lines of carrot root tissue clones produced not 
only roots, but fully differentiated stems and leaves. The history of these 
cultures is considered of interest, for it shows as far as can be learned 
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from the available literature that this is the first instance in which tissue 
cultures have produced complete morphological and physiological differen- 
tiation. 


METHODS AND MATERIALS 





The technique and material used in the preparation of the culture media 
followed that of White (1943). The modifications of the nutrients employed, 
suggested by Hildebrandt and his associates (1946) were also tried. The 
writer found that the initiation of growth of the fragments of the carrot 
roots and other plant tissues used was hastened by the use of a modification 
of Pfeffer’s (P) nutrient solution to which the ingredients of Uspenski’s 
(U) media were added together with thiamine, pyridoxine, and glycine in 
the same proportions used in White’s (W) standard medium. The U medium 
alone, as given by White (1936), proved satisfactory. Growth of initial cul- 
tures was obtained quickly by the addition of 0.1 to 0.5 mg. per 100 ml. 





of indole acetic acid or a-naphthalene acetic acid to the nutrient media 
employed. All media used were made semi-solid by the addition of 0.5 to 
0.6 g. per 100 ml. of thoroughly washed shredded agar agar in distilled 
water. 

























The tissue used was obtained from fresh or actively growing carrots by 
plunging a trocar into the root from a freshly exposed surface. The plugs 
of tissue so obtained were cut into pieces 2-3 mm. long and 1 mm. in 
diameter. The cultures were first started in 50-ml. Erlenmeyer flasks to 
which 10 ml. of media was added. From two to four fragments of the tissue 
were placed on the agar, and as they grew they were transferred to 125-ml. 
flasks with 25 ml. of media. 


OBSERVATIONS 





The two cultures of carrot root tissue designated C7, and C8, that 
showed differentiation of the tissue mass into roots, stems, and leaves were 
started on April 20 and June 10, 1946, respectively. The C8, culture started 
on the latter date was first to form stem and leaves on November 26, while 
the former culture C7, produced roots first and then formed a stem with 
two apical primary leaves about January 10 of the present year. This 
plantlet has now formed characteristic dentate, pinnatifid leaves and 
another one with ovate, primitive leaves has appeared. Another subculture 
of C8, series is at this writing forming stem and leaves. 

The history of these cuitures which follows fails to throw light on the 
specific factors which contributed to the differentiation. It is assumed that 
approximately perfect nutritional conditions have been obtained sufficient 
to permit the tissue mass to follow its normal development. 

Parent culture 8 was grown from an inoculum removed from an actively 
growing carrot grown in the laboratory. After the plant was removed from 
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the soil, the leaves were removed and the carrot broken. The fresh exposed 
tissue yielded by trocar several small cylinders of tissue from the inner 
surface of the cortex. These were introduced into 50-ml. flasks with 10 ml. 
of Uspenski media to which 0.1 mg. per 100 ml. of a-naphthalene acetic acid 
was added. Of the four fragments of tissue planted, three became con- 
taminated with bacteria. The fourth inoculum was transferred on 13 June 
1946 to an Erlenmeyer flask of the same size and with media from the same 
batch first used. Growth was slow and uneventful and a tissue mass developed 
without the formation of any organs. 

Cosmos, Bryophyllum, tomato, and marigold stems, when treated with 
a-naphthalene acetic acid, produce an abundance of roots (Levine 1936). 
Here, this substance elicited no macroscopic response from the culture. On 
26 July 1946 the culture was photographed through the flask and showed 
about 12 fused, nodular bodies which comprised the tissue mass. The color 
of the tissue was slightly tinged with green. On September 8 the tissue 
mass was divided into five parts. Culture 8, was planted on W; C8, was 
transferred to U medium to which 0.5 mg. per 100 ml. indole acetic acid 
was added ; and C8,—C8, and C8, were planted on the W media with certain 
concentrations of methylcholanthrene, benzpyrene, and dibenzanthracene. 

The purpose of this experiment which forms a part of the whole inves- 
tigation, was to study the influence of the carcinogenic agents on plant tissue 
supplied with adequate nutrient materials. The growth-stimulating sub- 
stance was added so as to induce cellular changes which might make the 
cells more susceptible to the influence of the carcinogens. 

Culture 8, grew rapidly and on 12 October 1946 two roots made their 
appearance from the upper surface of the tissue mass. Shortly thereafter 
and unexpectedly, a thin narrow ribbon-like stem and leaf-like organs 
appeared. The edges of these organs were magenta in color, while the rest 
of the leaves were colorless. 

On November 26, the first stem-like structure assumed an erect position. 
It failed to produce leaves, but its apical portion became blade-like. The 


other leaf-like structures (fig. 1) seemed to arise from a short stem which 


developed from the lateral surface of the tissue mass. The roots were well 
formed and apparently normal. Subsequent development showed evidence 
of fasciation and can be seen in a photograph (fig. 2) made of the growth 
while in its glass container on 6 December 1946. This plant is aberrant. It 
never developed sufficient chlorophyl to function, but there is no question 
of complete morphological differentiation of this tissue into root, stem, and 
leaves. The fusion of parts of the plantlet failed to set off the stem. A leaf 
and a root were fixed for microscopical examination. 

Culture 8, was divided on 12 December 1946 and C8,_; was started on W 
media with a fragment of the tissue mass. The explant grew slowly and on 
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30 January 1947 showed the early development of several plantlets. There 
are only a few roots formed not shown in the photograph (fig. 8). There 
is no evidence of fasciation ; however the culture resembles the early develop- 
ment of the plantlets of C7, described below. 

The contention that fasciation is of bacterial origin is not supported by 
these bacteria-free tissue cultures. The causes of fasciation may be sought 
in the initial tissue used and may possibly be associated with injury. In 
this case the injury may have been induced at the time the tissue mass was 
divided. 

Carrot root culture 7,, which gave rise to two fully differentiated plants 
and several that are in the process of development was started on 20 April 
1946 on U medium. Two inocula used in the parent culture were obtained 
from the root meristem of a small spring carrot. The inocula measured 
2 mm. x 1 mm. and both were immersed for a few seconds in a sterile solu- 
tion of 0.1 mg. per 100 ml. of a-naphthalene acetic acid and then transferred 
to a 125-ml. flask with 25 ml. U medium. On 1 May 1946 both inocula 
showed evidence of growth, and before these cultures were a month old 
(May 13) they had more than doubled their size. On June 7 the two inocula 
were separated and each was placed in a medium consisting of P nutrient 
solution together with 4 mg. of glycine, 1 mg. of thiamine, 1 drop of Beminal, 
and 6 g. of well washed shredded agar, made with 1 1. of distilled water. 
It appeared from other cultures in progress that the beneficial effects of the 
Beminal were due to pyridoxine. On June 24, C7, and C7. were transferred 
to P U medium to which was added 5 mg. per 100 ml. of vitamine Bg. 

On October 22 C7, developed into an abundant tissue mass with roots as 
shown in figure 3. C7. was divided into 10 subeultures on October 23. C7.—8 
grown on W to which was added 0.1 mg. per 100 ml. a-naphthalene acetic 
acid, is shown in figure 4, photographed December 14. No stem nor leaves 
were produced. The other subcultures were treated with carcinogenic hydro- 


carbons. 


Explanation of figures 1-8 


Fics. 1-8. From cultures in vitro of the meristem of carrot roots. Fie. 1. Culture 
8, started 6.10.46, photographed 11.26.46. See text for complete record of growth and 
transfer. Fig. 2. Same culture on 12.6.46, note fasciated stem and leaves. Fie. 3. 
Culture of carrot 7, started from a fragment of carrot root meristem 4.20.46, photo- 
graphed 10.22.46, showing only roots arising from upper surface of tissue mass. Fia. 4. 
Subculture 8 of 7, photographed 12.14.46. Note the increased number of roots, no leaves. 
Fic. 5. Culture 7, started with 7,, photographed 1.23.47, with complete differentiation of 
tissue mass into roots, stems, and leaves. Note small plant just above water condensed on 
flask. Fie. 6. The same culture showing several plantlets with well differentiated roots, 
stems, and leaves, photo 1.28.47). Fic. 7. The same culture on 1.30.47. Note development 
of two young plants from the tissue mass. Fic. 8 Clone of C8, divided 12.12.46. Shows 
early stages in differentiation of tissue mass. The structure first appeared 1.20.47, photo- 
graphed 1.30.47. 
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On 6 January 1947 the tissue mass of C7.—8 was divided into 9 fragments. 
C7.-8,;, grown on W nutrient medium to which 1,2,5,6-dibenzanthracene had 
been added in proportion of 0.1 mg. per 100 ml. of media, grew slowly. On 
January 23 evidence of differentiation of roots, stem, and leaves appeared. 
The roots were numerous and apparently normal, while the three stems 
formed were small. Their first leaves were minute and difficult to separate. 
The color of these aérial organs is a pale greenish-yellow. The tissue mass 
from which these plantlets developed is not abundant. The entire culture 
growth, by comparison, seems to be inhibited. A sister culture 7.-8, was 
transplanted to W to which 0.2 mg. per 100 ml. of 3,4-benzpyrene had been 
added. The growth resulted in a fairly active tissue mass with roots and 
several stem-like structures. The latter may be aérial roots, for no leafy 
elements are distinguishable. Usually by the time the stem becomes erect, 
the apical region bears the characteristic leaflets. 

Culture 7, after the transfer of June 24 mentioned above, grew but 
slightly and on July 26 was transferred to P U with 0.1 mg. per 100 ml. of 
a-naphthalene acetic acid, and again on July 30. Growth of the tissue became 
active again and on September 16 the tissue mass was divided into 18 parts. 
One part of the original C7, tissue mass remained in the flask and it was 
noted that it had grown luxuriantly, and on December 13 it was transferred 
to W. After transfer of the tissue mass, growth was slow, yet several roots 
began to appear. About the first week in January, 1947, a single pale yel- 
lowish-green-colored stalk appeared at the base of the tissue mass near the 
surface of the agar. The tip of the stem was bent toward the agar, but in 
several days it became erect and terminated in two oval, primitive leaves. 
Figure 5 was photographed on January 23. The stem and leaves became 
green, and minute whitish bud-like structures, which formed on the stem 
below the terminal leaves, developed into a typical pinnate leaf character- 
istic of Daucus carota. Another plantlet that arose from the same area of 
the tissue mass is shown in figure 6 (photographed 28 January 1947), but 
it retains a pale greenish color with specks of red. Figure 7 shows the 
development of the plantlets in C7, on January 30. The tissue mass was not 
observed to increase in size. Here is evidence of the transformation of a 
fragment of carrot root tissue grown in vitro into a tissue mass from which 
a morphological differentiation of functioning root, stem, and leaves occurs. 


The cellular structure of the tissue mass is under investigation. 


DISCUSSION 
The cell masses used in these experiments were derived from minute 
plugs of tissue removed from the meristem of the root of a carrot. This tissue 
does not express its inherent capacity for differentiation into the principal 
organs of the plant while in situ on the plant. These experiments fail to 
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reveal any conditions necessary to the differentiation of this tissue, except 
an adequate nutritional basic medium to which a growth stimulant, a-naph- 
thalene acetic acid, was added. The presence of this stimulant is apparently 
needed to initiate rapid growth. 

Cultures to which the carcinogenic hydrocarbons had been added indi- 
cate clearly that, given a suitable nutrient medium, the addition of the 
carcinogen does not deter cell mass differentiation. This suggests that the 
growth substance does not induce differentiation. The nature of the tissue 
determines its capacity to differentiate. The plant growth substance facili- 
tates the development and differentiation follows more quickly and more 
completely. The differentiation of the tissue mass does not occur in the 
initial culture, but only after few passages made over a relatively brief 
period. 

White has shown (1939a, b) that a tissue culture of the callus over- 
growths of the tobacco hybrid are not only unlimited, but he contends that 
under conditions of reduced oxygen tension and after many passages over 
a period of a year and a half leaves will be produced. No stems nor roots 
were observed in his cultures. The calloid tumors of the tobacco hybrid 
grown in the garden have been shown (Levine 1937) to consist of nodular 
masses covered with leafy structures. There is no tendency of this over- 
growth in situ on the hybrid to form roots. It appears that the callus tissue 
has a tendeney to produce leafy structures and that submerging the cell 
mass and so reducing the oxygen tension enables the potentialities of the 
tissue to emerge. This would suggest the presence of a predetermining factor 
to form leaves, inherent in this tissue. The meristem tissue of the carrot root 
differs from the callus tissue of the tobacco hybrid in that there is no evi- 
dence of a determining factor which will cause the meristem to produce a 
plant organ, but its totipotency enables it under an adequate environment to 
differentiate into the three fundamental organs of the plant. 


SUMMARY 


Cultures in vitro of carrot meristem, grown on various media to which 
the plant growth substance indole acetic acid or a-naphthalene acetic acid is 
added, produce a tissue mass. 

In several instances tissue masses grown in a suitable medium to which 
a-naphthalene acetic acid was added produced complete morphological and 
physiological differentiation of the tissue into root, stem, and leaf. 

Clones of these tissue masses grew and formed plantlets when transferred 
to W medium to which one of the carcinogens used here was added. A report 
on this phase of the work is in progress. 

Atypical, fasciated plantlets have been observed in these in vitro cul- 
tures. 
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All cultures were grown on semi-solid media and no tissue mass was com- : 
pletely submerged in it. 


[ am indebted to Dr. Emil J. Baumann for his kindness in the preparation 
of the media used in these studies. Thanks are due Mr. G. Keller for help 
given in connection with the photographs shown here. 

LABORATORY Division, MONTEFIORE HosPITaL 

New YORK 
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Vou. 74, No. 4, pp. 329-331 JuLy, 1947 
com- . 
e A NEW ERIOGONUM FROM THE SOUTHEAST 
e p 
GEORGE J. GOODMAN 
Eriogonum Harperi Goodman, n. sp. Planta perennis, erecta, 1 m. 
vel plus alta; caulibus plerumque ad inflorescentiam non ramosis, molliter 
griseo-tomentosis; foliis basalibus longe ellipticis, lamina ca. 15 em. longa, 
tend, infra dense tomentosa, supra glabra vel parce pilosa; foliis caulinis usque ad 
1 dm. longis, 2 em. latis ; involucris 3—-3.5 mm. longis; floribus 4-5 mm. longis, 
1s in pilis ascendentibus vestitis; ovario pubescente, achaenio maturo exserto, ad 
apicem 3-alato. 
‘him. Perennial taprooted plants, erect, 1 m. or more tall; stems mostly un- 
branched to the inflorescence, softly gray-tomentose; basal leaves long- 
mpo elliptic, blades about 15 em. long, 2.5 em. wide, densely tomentose below, 
ower glabrous to scantily pilose above, narrowed to a petiole ; stem leaves alternate, 
up to 1 dm. long and 2 em. wide, gradually diminishing in size upwardly, 
‘ious elliptic, acute, irregularly revolute, at least in drying, giving a repand ap- 
pearance, tomentose below, scantily short-pilose above; axillary buds fre- 
17 quently developing into leaf clusters ; inflorescence paniculate, the frequently 
pedunculate involucres secund, bracts ternate, involucres 3-3} mm. long, 
ssus the teeth erect, triangular, flowers many per involuere, 4-5 mm. long, covered 
with ascending hairs, segments oblong-elliptic ; stamens 9, filaments glabrous, 
ures anthers oblong, 1—-1.2 mm. long, ovary pubescent, mature achene exserted, 


3-winged toward apex. 
Type: Marly glade in saddle on Little Mountain, about 3 miles south of 
an Tuscumbia, Colbert Co., Alabama, August 12, 1943, Roland M. Harper 3944. 
(Type in Bebb Herbarium, University of Oklahoma. ) 
prey 
This species differs from Eriogonum longifolium in its broader stem 
jues leaves which are more abundant up to the inflorescence, the glabrous or 
nearly glabrous upper surface of the leaves, the smaller involucres and 
flowers, the shorter and less abundant hair on the calices, and the achenes, 
which are 3-winged instead of 3-angled. It is also out of the known range, 
by 300 miles, of E. longifolium and is 500 miles from its other relative, E£. 
floridanum. E. floridanum has even larger invulucres and flowers than E. 
longifolium. 
Ample material of this species, consisting of specimens of basal leaves, 
the flowering plant, photographs, and field notes, was generously sent me by 
the discoverer, Professor Roland M. Harper, University of Alabama. It is a 
pleasure to dedicate the species to him. Some of his notes tell more of the 
plant’s range and habit. The species was first observed by Prof. Harper as a 
single specimen in a caleareous prairie area about one mile east of Littleville, 
Colbert County, on July 25, 1942. On October 7 of that year on Little 
Mountain, in the same county, four over-ripe specimens were collected. Photo- 
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graphs of the fruiting calyces of these were obtained. On August 12, 1943, 
several specimens—the type collection—were collected in bloom at this same 
location. In March of 1944 the species was found in a small cedar glade near 
Russellville, a few miles from the other stations in adjacent Franklin County. 
Although Professor Harper is not yet certain, he believes that the plant 
blooms but once. 
DEPARTMENT OF PLANT SCIENCES, UNIVERSITY OF OKLAHOMA 
NORMAN, OKLAHOMA 
Explanation of figures 1-3 


Fig, 1. Flowering branch of type (x 1). The downcurved tips of some of the branches 
are the result of wilting. Fie. 2. Habit of type collection. Fie. 3. Harper 3902, col 


lected Oct. 7, 1942, showing general aspect, taproot, and basal leaves. 
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EUPHORBIA MACULATA AGAIN 


F. R. Fosperae 


It seems necessary, even at the risk of unduly prolonging this discussion, 
| to point out the curious slip in Croizat’s reasoning (Bull. Torrey Club 74: 
153-155. 1947) in his persistent attempt to apply the name Euphorbia 
maculata L. to the prostrate plant now known as Euphorbia supina Raf. 













In taking me to task for upholding Wheeler’s interpretation of this mat- 
ter (Contr. Gray Herb. 127: 76. 1939; Rhodora 48: 197-200. 1946) Croizat 
| uses an argument which might, in another ease, be convincing enough. He 
| shows that Boissier (DC. Prodr. 15*: 46. 1862) selected one of two elements 
in the original Linnaean concept of this species, and that the element selected 
was what I referred to E. supina, on the basis of one of the two specimens in 





the Linnaean Herbarium. He regards this as ‘‘an iron-clad ‘typification’ of 
the most modern pattern’’ and considers that this settles the case. On p. 154 






















he attempts to strengthen his case by referring to the one Linnaean specimen, 


agreeing with ‘‘Fosberg’s E. supina Raf.’’ as ‘‘inseribed ‘21. maculata’ in 
an handwriting which is to all appearances Linnaeus’ own,”’ and to the other 
(‘‘my’’ E. maculata L.) as ‘‘inseribed in different handwritings both ‘macu- 
lata’ and ‘hypericifolia,’’’ and leaving the reader to the ‘nference that 
neither of these handwritings are that of Linnaeus. It is not necessary to dis- 
pose of this matter. 

The point that Croizat missed is that Linnaeus, in the Mantissa (2: 392. 
1771), by obviously referring to the hypericifolia-like element in the concept, 
had already typified his species in as ‘‘iron-clad’’ a fashion as could be 
desired. Even Boissier tacitly recognized this when he felt it necessary to ex- 
clude the concept adopted in the Mantissa. Though the rules are silent on the 
question of whether the earliest typification must stand, sound nomenclatural 
philosophy necessitates it unless very conclusive reasons exist for retypifica- 
tion. 

That no such reasons exist in this case may be seen by examination of the 
treatment of the species in the Species Plantarum (ed. 1. 455. 1753) where 
are presented a reference to a previousiy published plate and a description 
of the plant. The plate I have shown (Rhodora, l.c.) to portray the erect 
plant rather than the prostrate FE. supina. The description, while less conclu- 
sive, more easily fits the erect plant than the prostrate one because of the 
mention of trinerved, serrate leaves, two characters that are much more 
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prominent in the erect than the prostrate plant, and the lack of reference to 
a prostrate habit. This description, by the way, shows that, in the very case 
he is discussing, Croizat is in error in referring to the Species Plantarum as 


‘‘an outright compilation,’’ though it certainly is in most parts. 
Thus, it appears that Croizat’s very principle of prior typification has, in 


this case, defeated his argument and that the use of the binomial Euphorbia 
maculata L. ‘‘in the Wheelerian manner,’’ for the upright plant, is the cor- 
rect use. 
1631 LIHOLIHO STREET 
Honouuuy, T. H. 
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NEW SPECIES OF CHYTRIOMYCES 





JOHN S. KARLING' 





. The genus Chytriomyces was created to include two saprophytic eucar- 
| pic, monocentric, operculate chytrids which were found by the author 
. 1945) on bits of insect skeleton in fresh water in equatorial Brazil. Subse- 
quently, these species were found to occur abundantly in muck soil and 
. fresh water in Virginia, New Jersey, New York, Connecticut, and Massachu- 
| setts. A third species, C. nodulatus, was found by Haskins (1946) in 
England, and recently Miss Fay (1947) described another species, C. 
spinosus, from New Jersey. Species of this genus, therefore, appear to be 
widely distributed in nature and occur chiefly on substrata which contain 
chitin. Accordingly, these chytrids were first described as being chitinophilic, 
but it has been shown subsequently by Miss Fay, Haskins, and the author 
(1947) that they will grow moderately well also on substrata which contain 
cellulose and keratin. 

The present contribution concerns three additional species of Chytrio- 
myces which have been found in Brazil and the eastern part of the United 
States. One of these species parasitizes Aphanomyces laevis, causing local 
swelling on the mycelium and excessive branching. It is, accordingly, named 
Chytriomyces parasiticus. The other two are saprophytic on chitinous sub- 
strata in muck soil and freshwater. One of these species is very large and 
distinguishable by appendiculate sporangia, while the other one is charac- 
terized primarily by stellate resting spores. They are, therefore, named 


C. appendiculatus and C. stellatus, respectively. The type and general 










method of development of these species are fundamentally similar to those 
described previously for members of Chytriomyces, and it is not necessary 
to discuss these processes again. The present paper will be limited, accord- 


ingly, to the outstanding structural characteristics. 






Chytriomyces parasiticus Karling, sp. nov. Fungus parasiticus. Spo- 
rangiis laevibus, hyalinis, sphaericis, 8-30 » diam., aut ovalibus; operculo 
apicali aut subapicali, 4-14 » diam. Zoosporis ovalibus, 2.5—3 » diam., globulo 
refractivo hyalino, 0.4—.6 » diam. ; flagello 14-18 » longo. Apophysis globulis, 
3-6 » diam., aut angulata, intra- vel extramatricalis. Sporae perdurantes 
ignotae. 

Sporangia smooth, hyaline, spherical, 8—30 p, or slightly oval; operculum 
apical or subapical, 4-14 diam. Zoospores oval, 2.5-3 », with a minute, 
0.4—6 » diam., hyaline refractive globule ; flagellum 14-18 » long. Apophysis 












1] am grateful to Dr. Theodor K. Just for the Latin diagnosis. 
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intra- or extramatrical, globular, 3-6 » diam., or angular; rhizoids relatively 
short and finely branched. Resting spores unknown. 

Parasitie on Aphanomyces laevis, New York City, causing local swelling 
and excessive branching of the mycelium. 


Chytriomyces appendiculatus Karling, sp. nov. Fungus saprophyticus. 
Sporangiis appendiculatis, laevibus, subfuscis, rare sphaericis, 10-80 p» 
diam., aut ovalibus, 10-50 x 30-90 » diam., aut oblongatis, 10—20 x 30-50 p 
diam., aut pyriformibus, 20-180 x 35-250 » diam., aut reniformibus, irregu- 
laribus, aut rare lobatis; parietibus crassiusculis, 1-3 »; operculo apicali aut 
subapicali, 6-14 diam., hypocrateriformi demum evanescenti. Zoosporis 
ovalibus, 4-5 x 6-6.5 » diam., globulo refractivo hyalino, 1.8—-2.8 » diam.; 
flagello 28-32 » longo. Hyphis rhizomorphis ramosis, crassiusculis, 3-18 » 
diam., aut tenuissimis. Sporis perdurantibus plerumque appendiculatis, 
laevibus, sphaericis, 10-25 » diam., aut ovalibus, 10-15 x 18-24 » diam., aut 
irregularibus; parietibus crassiusculis, 2.5-5 p, fuscis; germinantibus z0o- 
sporangia tenui membranata superficialia genertibus. 

Sporangia appendiculate, smooth, hyaline when young, but usually be- 
coming brown with age, highly variable in size and shape, rarely spherical, 
10-80 p, flattened or oval, 10—50 x 30-90 p, oblong, 10-20 x 30-50 yp, irregu- 
larly pyriform, 20-180 x 35-250 yp, slightly bean-shaped, tilted, irregular and 
lobed with a 1-3, thick wall; operculum non-persistent, shallow saucer- 
shaped, 6-14 diam. Zoospores oval 4-5 x 6-6.5y, with a conspicuous, 
1.8-2.8 » diam., hyaline refractive globule ; flagellum 28-32 » long. Rhizoids 
coarse, Main axes up to 18 » in diam. in large thalli, branched, usually be- 
coming thick-walled with age. Resting spores smooth and usually appendicu- 
late, spherical, 10-25 p», oval, 10-15 x 18-24 », predominantly irregular with 
a 2.5-5 » thick, brown wall; content coarsely but evenly granular with a 
central vacuole, emerging through a pore in the wall during germination 
and forming a superficial zoosporangium. 

Saprophytie on chitinous substrata in freshwater and muck soil, Vir- 
ginia, New Jersey, New York, and Connecticut. 


Chytriomyces stellatus Karling, sp. nov. Fungus saprophyticus. Spo- 
rangiis hyalinis laevibus, 1-6 brevibus triangularibus clavis spinisve in- 
structis, sphaericis, 9-50» diam., aut ovalibus, 8-35 x 10-45 » diam., aut 
pyriformibus, 6—20 x 14-38 p» diam., aut reniformibus, aut rare angularibus, 
1-3 papillatis aut tubulo, 3-7 x 5-50 » diam., exeuntibus. Zoosporis ovalibus, 
3.54 x 4.5-5 » diam., globulo refractivo hyalino, 1.5-2, diam.; flagello 
25-30 » longo. Hyphis rhizomorphis e apophysis basi vel lateribus ortis, 
ramulosis. Sporis perdurantibus hyalinis, apophysatis, sphaericis, 9-26 » 
diam., aut ovalibus, 10-14 x 15-22, diam., aut angularibus, paucis vel 
multis, obtusis vel elongatis, acutis vel rare bifurcatis chavis spinisve in- 
structis, rare brevibus; globulo usque ad 10 » diam., vel nonnullis minoribus 
globulis refractivis; germinantibus zoosporangium e parietis poro ortum 
tenui membranatum genertibus. 

Sporangia hyaline, smooth or with 1-6 short, solid, triangular pegs or 
spines, spherical, 9-50 », oval, broadly pyriform, 8—35 x 10-45 », narrowly 
pyriform, 6-20 x 14~-38 », bean-shaped, anatropous or slightly angular with 
1-3 exit papillae or long, 3-7 x 10-50 pw, necks; operculum saucer-shaped 
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or slightly apiculate, 4-7 » diam. Zoospores oval, 3.5-4 x 4.5-5 p, with a 
small, 1.5-20 4 diam. hyaline refractive globule; flagellum 25-30» long. 
Apophysis conspicuous, spherical, 4-18 », oval, 4-8 x 6-14 », broadly fusi- 
form or slightly angular. Rhizoids arising from the base or sides of apo- 
physis, finely branched. Resting spores hyaline, apophysate, spherical, 
9-26 p, oval, 10-14 x 15-22 yp, or slightly angular with few to numerous solid, 
short blunt or elongate, pointed, and rarely bifureate pegs or spines, rarely 
smooth; content hyaline with one large, up to 10, in diam., or several 
smaller, refractive globules, emerging through a pore in the wall and form- 
ing a superficial zoosporangium during germination. 

Saprophytie on chitinous substrata in freshwater and muck soil, Sao 
Carlos, Matto Grosso, Brazil: New York and Connecticut. 


CHYTRIOMYCES PARASITICUS. This species occurred on the mycelium and 
filamentous, undifferentiated zoosporangia of Aphanomyces laevis which 
had been collected on bits of purified shrimp chitin in water from Van 
Cortlandt Park, New York City. After being brought into the laboratory, 
the host became so heavily parasitized, that most of its mycelium was killed 
in the course of two weeks, and by the end of a month the epidemic had 
run its course and no trace of the parasite could be found. 

As shown in figure 1, this parasite causes marked local hypertrophy of 
the host mycelium and excessive branching in the region of infection. In 
a few cases, as many as 30-80 short branches have been observed at the site 
of infection. Quite often the sporangium of the parasite may be partly 
enveloped and obseured by the branches, as shown in figures 1A, 1B, and 6. 
However, branching does not always follow infection, and the reaction of 
the host may be limited to the development of broadly fusiform and globular 
swellings (figs. 1C, 1D, 1E). The effect of the parasite on the host protoplasm 
is quite marked and easily recognizable. After the zoospore has come to 
rest on the mycelium and developed an infection tube, the host protoplasm 
begins to accumulate in the region of infection (figs. 1F, 1G, 1H, 4). It soon 
becomes more heterogeneous optically and coarsely granular. As the absorb- 
ing system or rhizoids develop from the germ tube, the protoplasm becomes 
more densely aggregated around the rhizoids, and by the time the parasite 
is mature a large part of it has been absorbed from the swelling. 

The thallus of C. parasiticus may be apophysate (figs. 1C, 1E) or non- 
apophysate (figs. 7, 9) like C. aureus and C. hyalinus. When present, the 
apophysis is usually intramatrical, but occasionally it may be extramatrical 
or partially so (fig. 8). In shape it usually appears angular or digitate 
because of the rhizoids which arise from several points on its surface (figs. 
1D, 1E, 10). Its exact size and shape are difficult to determine because of the 
surrounding host protoplasm. The rhizoids are comparatively short but 
finely branched, and, like the apophysis, they are usually obscured by the 
host protoplasm. 
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Fig. 1. Mycelium of Aphanomyces laevis 


rical Fias. 1-15. Chytriomyces parasiticus. 
: parasitized by 20 thalli of C. parasiticus in various stages of development, showing local 


tate hypertrophy and excessive branching in the regions of infection. Figs. 2, 3. Motile and 
quiescent zoospores of parasite. Fig. 4. Initial stages of infection and reaction of host. 
+t} Figs. 5, 6. Later, successive stages of development of the parasite shown at the right in 
= figure 6, and reaction of the host. Fic. 7. Rhizoids of non-apophysate thallus. Fi¢, 8. 
but Apophysate sporangium with large primary nucleus and oval vacuole. Fig. 9. Late de- 
the velopmental stage of non-apophysate thallus. Fie. 10. Emergence of zoospores. Figs. 

11, 12. Zoospores swarming in external vesicle and escaping after rupture of vesicle. 

Figs. 13-15. Successive stages of swarming and quiescence of zoospores in external 


figs. 


vesicle, 
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Like all other species of Chytriomyces studied by the author, C. para- 
siticus possesses a large primary nucleus which can be readily seen in living 
sporangia (figs. 1C, 1D, 1E, 8). It appears as a relatively clear sphere with 
a large nucleole and is usually surrounded by a dense layer of cytoplasm 
in which numerous granules and globules are suspended. The nucleus keeps 
pace with the growth of the sporangium and apparently does not begin to 
divide until the latter has attained its definitive size. Quite often a large 
conspicuous vacuole is present in the cytoplasm (figs. 1C, 1D, 8) and con- 
tains a minute body which undergoes rapid Brownian movement. 

The zoospores of C. parasiticus are minute and oval in shape and contain 
a small refractive globule (fig. 2). During the swimming period, they dart 
and hop about like those of Rozella species. They dart about for a distance 
of from 60 to 150 », then come to an abrupt and complete stop, and then 
dart off again. The intermittent pauses are so brief, however, that it is 
almost impossible to determine the shape and structure of the zoospores in 
the active stage. At the time of dehiscence they emerge slowly from the 
sporangium (fig. 10) and form a globular mass at the exit orifice. After 
30-80 seconds after emerging they begin to move about slowly at first but 
in a short while they swarm rapidly within a hyaline vesicle which is con- 
tinuous with the sporangium (fig. 11). This swarming period lasts from 
1 to 3 minutes after which the vesicle ruptures and the zoopores escape 
(fig. 12). This normal behavior of the zoospores is identical to that described 
by the author for C. aureus and C. hyalinus. 

Variations of behavior, however, have been observed in a few cases. 
After swarming rapidly in the vesicle for 2 minutes (fig. 13), the zoospores 
came to rest for a period of 20-35 seconds. In this resting stage they were 
generally disposed at the periphery of the vesicle with their flagella extend- 
ing towards the center, as shown in figure 14. Then followed another swarm- 
ing period which lasted from 45 to 70 seconds (fig. 15), after which the 
zoospores came to rest in much the same manner and position shown in 
figure 14. This was followed by a third swarming which ended with the 
rupture of the vesicle. Thusly, the zoospores of C. parasiticus may undergo 
several intermittent periods of swarming if the vesicle fails to rupture at 
first, and these swarmings are comparable to the diplanetism exhibited by 
the zoospores of the Oomycetes, with the exception that the flagella are not 
retracted and no cystospores are formed. 

So far, no resting spores have been found in this species, so that its 
life eyele is only partially known. However, the character of the operculate, 
extramatrical sporangia and the behavior of the zoospores warrant the 
classification of this fungus as a species of Chytriomyces. 


CHYTRIOMYCES APPENDICULATUS. This species was isolated first in 1944 
from swamp soil collected at Mt. Prospect, Va., and later found in New 
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Jersey, New York, and Connecticut. It grows readily on insect skeletons 
and purified chitin, and on the latter medium the sporangia may become 
so numerous that they impart a duil brown color to the substratum. From 
strips of chitin it is readily transferable to chitin agar, on which it may be 
grown in pure culture. The sporangia usually become brown in color when 
grown on chitin in spring or brook water, but on chitin-agar they remain 
hyaline. Inasmuch as the former environment is the more natural and the 
one under which the sporangia are brown in color, they are, accordingly, 
described as non-hyaline in the diagnosis above. 

Chytriomyces appendiculatus is primarily distinguishable by appendic- 
ulate sporangia which are highly variable in size and shape. Some of its 
larger sporangia may be 250, in diameter, and in this respect it is the 
largest known species of Chytriomyces. The appendage to the sporangium 
begins usually as a thickening of one side of the wall of the germinated 
zoospore (fig. 20). As a result, expansion and growth appear to be retarded 
on that side, and as the incipient sporangium increases in size, it expands 
at the opposite side and becomes asymmetrical, as shown in figures 21 and 
22. With further growth of the sporangium and development of the thallus, 
the thickened portion of the wall may become further modified and thick- 
ened into variously shaped appendages (figs. 22, 25, 28, 30, 31, 32) which 
usually turn brown with age. In other cases, the wall of the germinated 
spore or incipient sporangium thickens more or less ecually (fig. 23) with 
the result that sporangia with uniformly thick walls are formed (figs. 24, 
25, 26). Figure 26 shows an immature, slowly growing or dormant spo- 
rangium filled with granular and refractive protoplasm, which is not un- 
common in this species. The wall is fairly uniform in thickness and dark 
brown. When such sporangia resume growth and form zoospores, they 
usually burst out of the thick wall and form a zoosporangium of the type 
shown in figure 27. As a rule, small sporangia which develop rapidly and 
form zoospores within a short period of time are uniformly thin-walled and 
hyaline. 

As in the previous species, the primary nucleus of the sporangium is 
usually visible in living material as a large, clear, globular body in which 
lies a large nucleole (figs. 22, 25). However, it is not clearly visible in large 
sporangia which are vacuolate (fig. 29) or filled with granular and refrac- 
tive material (fig. 28). Therefore, it has not been possible to determine in 
living material whether or not it divides before the sporangium reaches its 
mature size. 

One of the striking characteristics of most mature sporangia of C. ap- 
pendiculatus is the large amount of homogeneous hyaline slime or matrix 
beneath the operculum. It is often greater in amount and more conspicuous 
than that present in some sporangia of C. hyalinus (fig. 38) and C. spinosus 
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Figs. 16-37, 43-48. Chytriomyces appendiculatus. Fieas. 38-40. C. hyalinus. Fies. 
41, 42. C. spinosus. Fig. 16. Zoospore. Figs. 17-19. Stages in zoospore germination 
in water. Fie. 20. Thickening of part of wall on incipient zoosporangium to form an 
appendage. Figs. 21, 22. Asymmetrical, irregular incipient sporangia resulting from 
unilateral growth. Fies. 23-25. Incipient sporangia with uniformly thickened wall. 
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(fig. 41). It may completely fill the apex of the sporangiuin (fig. 32) or 
extend down into the sporangium for a distance of 25 » as a sac-shaped 
mass (fig. 31). This characteristic was particularly evident in the sporangia 
which developed in the Virginia, New Jersey, and Connecticut soil collee- 
tions. However, in a collection of muck soil from Van Cortlandt Park in 
New York City, numerous sporangia were observed in which the matrix was 
very searce or lacking (fig. 30) as in sporangia of C. parasiticus. Similar 
variations have also been noted in C. aureus and C. hyalinus. 

When the sporangium dehisces, the operculum is pushed off and the 
hyaline matrix flows out (fig. 33) to form a globular mass at the exit orifice. 
The emerging zoospores push up into this mass (fig. 34) and expand it as 
in (. hyalinus (fig. 39), until it forms a thin enveloping layer. In the 
majority of sporangia from the Virginia, New Jersey, and Connecticut col- 
lections, this layer usually burst at one side, before most of the spores had 
emerged. The zoospores then flowed away in extended masses from the exit 
orifice (figs. 36, 48) and separated slowly. After a lapse of 2-3 minutes the 
individual spores began to jerk about and soon thereafter swam away. This 
behavior led the author to believe that the zoospores of C. appendiculatus 
do not swarm in a vesicle like those of C. hyalinus (fig. 40), C. aureus, C. 
spinosus (fig. 42), C. parasiticus, and C. stellatus. However, in sporangia 
collected in Van Cortlandt Park, New York City, the zoospores swarmed in 
a typical vesicle (fig. 37). Either the behavior of the zoospores shown in 
figures 36 and 48 is abnormal, or the behavior of the emerged zoospores 
varies to some degree in C. appendiculatus. On the other hand, it is possible 
that the collection from New York City may include a different strain or 
variety of this species. The active swarming period lasts from 20 to 75 
minutes, after which the zoospores came to rest and became almost spherical. 
They germinate quite readily in the water surrounding the bits of chitin 
(fig. 17) and form extensive, branched rhizoids (figs. 18, 19) before increas- 
ing markedly in diameter. 

The rhizoids arise from the base of the sporangium, and in large thalli 





Fig. 26. Thick-walled, immature, dormant sporangium with granular and globular re- 
fractive content. Fig. 27. Later, ‘‘germinated’’ stage of a similar sporangium. Fi. 
28. Irregular sporangium with a large single rhizoidal axis. Fi¢, 29. Vacuolate globular 
sporangium. Fic. 30, Mature, appendiculate sporangium lacking hyaline matrix at 
apex. Fic. 31. Mature sporangium with a sac-like mass of hyaline matrix extending 
down among incipient zoospores. F1G. 32. Mature sporangium with apex filled with 
matrix. Fie@s. 33-35, Extrusion of matrix and its expansion by the emerging zoospores. 
Fig. 36, Rupture of matrical layer and dispersal of zoospores without formation of a 
vesicle. Fic. 37. Swarming of zoospores in a vesicle. FG. 38. Hemispherical mass of 
slimy matrix under operculum. Fies. 39-40. Extrusion of matrix and swarming of 
zoospores in a vesicle; note nodular plugs of wall material in latter figure. Fie@s. 41-42. 
Matrix in sporangium and swarming of zoospores in a vesicle. Fig. 43. Thick-walled, 
brown rhizoidal axis; note nodular plugs of wall material in sporangium. Fies 44—47, 


Variations in size and shape of resting spores. Fie. 48. Germination of resting spore. 
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they are unusually coarse and large in diameter. In a few exceptional thalli 
observed, the main axes of the rhizoids were up to 18 » in diameter (fig. 28), 
The main axes branch obtusely and usually infrequently and do not bear 
very many small lateral branches. As a result, they often have the ‘‘stiff,’’ 
abruptly tapering appearance that is characteristic of most species of 
Rhizidium. In old large thalli the rhizoidal wall may become greatly thick- 
ened, up to 5.5 », and turns brown in color (figs. 31, 43) like the wall of the 
sporangium. No clearly defined apophysis has been observed in C. appen- 
diculatus, but the junction of the large rhizoids at the base of the sporangia 
often creates a large area which may resemble a digitate apophysis (figs. 
29, 31). 

Occasionally, clavate or irregular, nodular, plug-like ingrowths of the 
sporangium and rhizoidal wall oceur (fig. 43). Sometimes, these resemble 
the tyloses of higher plants, and often show stratification, as if successive 
layers of wall material had been deposited at the apices. In other instances, 
they appear as extended, irregular and nodular thickenings of the inner 
surface of the wall. Similar plugs and thickenings have been observed in 
C. aureus, C. hyalinus (fig. 40), C. stellatus, and Rhizophlyctic peterseni. 
They appear to be formed only under certain conditions which are not vet 
clearly understood. 

In connection with these nodular plugs or ingrowths, it may be noted 
that Haskins created C. nodulatus on the basis of the presence of such 
structures in the sporangia. Except for a very slight difference in zoospore 
size, which does not seem sufficiently great for specific distinction, and the 
presence of a larger number of nodular plugs, C. nodulatus appears to be 
identical to C. hyalinus. In view of the fact that such nodules have been 
found in (. hyalinus and other species, it seems doubtful that their presence 
is a specific, diagnostic character. Therefore, C. nodulatus may be identical 
to C. hyalinus, or a variety of it. 

So far, resting spores have been found only oceasionally. They are 
usually appendiculate (figs. 44, 45, 48) and irregular in shape, although 
oval (fig. 46), almost spherical, and non-appendiculate ones occur also. 
Their wall is dark brown in color and varies from 2 to 54 in thickness. 
Sometimes it may be thicker over one portion of the spore, as shown in 
figure 47. The content of the spore is coarsely but evenly granular with a 
conspicuous clear area which has the appearance of a vacuole. In germinat- 
ing, the resting spores function as prosporangia and give rise to a hyaline 
superficial, thin-walled, operculate zoosporangium (fig. 48). 


CHYTRIOMYCES STELLATUS. A few resting spores and sporangia of this 
species were first observed on the skeleton of an unidentified insect collected 
in a swamp at Sao Carlos, Matto Grosso, Brazil. Because of the appearance 
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and structure of the resting spores, it was regarded at first as a species of 
Asterophlyctis, but when the sporangia proved to be operculate, it was 
obvious that they belonged to a new species of Chytriomyces. Subsequently 
this species was isolated from water and muck soil collected in New York 
and Connecticut, which indicates that it may be widely distributed in 
nature. The life cycle and structure of C. stellatus will be illustrated fully 
in a subsequent paper dealing with the cytology of the genus Chytriomyces, 
and the present description will be confined to the specific distinguishing 
characteristics. 

The mature sporangia are predominantly oval, subspherical, broadly 
pyriform, hyaline, and usually smooth with one to three apical or sub-apical 
exit papillae. However, sporangia with 1—5 short, solid, hyaline, triangular 
pegs or spines are not uncommon, and the exit papillae may be replaced 
frequently by 1-3 short or long, broad exit tubes. Anatropous, slightly 
reniform and angular sporangia also occur in this species. As in other 
members of Chytriomyces a large amount of homogeneous slimy material 
is usually present beneath the operculum, and in some sporangia it may 
fill the exit tube completely. The primary nucleus of the sporangium is 
quite large and stands out clearly in living material a clear globular body 
with a dense nucleole. It keeps pace with the growth and increase in size 
of the sporangium and does not divide until the latter has attained mature 
size. 

The subsporangial swelling or apophysis is usually large and conspicu- 
ous and may sometimes attain a diameter of 18 ». It varies from spherical to 
oval, broadly fusiform and slightly angular in shape, with the rhizoids aris- 
ing from its base or at several points on its surface. The rhizoids are not 
very extensive but branch frequently, so that a close mat of branches is 
usually formed in the substratum. Sometimes a central unbranched axis, 
8-20 » long, is formed beneath the apophysis, and from the base of this 
axis arises a dense tuft of rhizoids. 

The dehiscence of the sporangium, exudation of the slimy, hyaline 
matrix, formation of a vesicle, and the swarming of the zoospores in the 
vesicle are similar to those described for other species of Chytriomyces and 
need not be discussed again. 

The resting spores are hyaline, apophysate, predominantly globular, 
and stellate in shape with from one to several large conspicuous refractive 
globules. The pegs or spines on the wall may be up to 6 » in height in excep- 
tional cases, blunt or sharply pointed, and sometimes bifureate. Occasionally, 
they are reduced to warts or mere undulations on the wall, so that the 
spores appear to be verrucose. Smooth spores are rare and exceptional and 
possibly abnormal. The nucleus of the developing spore is clearly visible 
in living material and may be observed until quite late, when it is dis- 
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placed towards the periphery by the large refractive globules. Like other 
species of Chytriomyces, the resting spores function as prosporangia in 
germinating and give rise to superficial, hyaline, thin-walled, operculate 
zoosporongia. 


SUMMARY 


Three new species of Chytriomyces have been isolated from fresh water 
and muck soil from the eastern part of the United States and the Amazon 
Valley in Brazil. Chytriomyces parasiticus parasitizes Aphanomyces laevis 
and causes marked local hypertrophy and excessive branching of the myee- 
lium and filamentous sporangia. It is characterized primarily by minute 
zoospores. The other two species are saprophytes on chitinous substrata. 
Chytriomyces appendiculatus is distinguishable by large, appendiculate, 
irregular and variously-shaped sporangia, very coarse rhizoids, and thick- 
walled, brown, appendiculate resting spores. Chytriomyces stellatus, on the 
other hand, develops hyaline stellate resting spores and conspicuously apo- 
physate sporangia, and may be distinguished chiefly by these characteristics. 

DEPARTMENT OF BOTANY, COLUMBIA UNIVERSITY 

New YorxK 
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TORREYA 
PROCEEDINGS OF THE CLUB 


The following two abstracts were received too late to be published in the last issue 
of the BULLETIN with the minutes of the meetings at which the talks were given. 

At the meeting of January 15, 1947, Dr. Helen Purdy Beale spoke on ‘‘Some 
Properties of the Tobacco Mosaic Virus.’’ 


The relationship between the various forms of tobacco mosaic virus was dis- 
cussed. Using wooden models constructed to scale, the relative size of the smallest 
particle of virus, as it appears in electron micrographs, was compared with the 
paracrystals and hexagonal plate crystals. Lantern slides showed the transforma- 
tion of the plate crystals within the infected host cells to the needle-like para- 
erystalline form, 

An outline was then given of the work concerned with the antigenic property 
of tobacco virus protein. When virus was injected into animals, it stimulated the 
production of specific antibody in the serum of the animal. This was shown to be 
a most useful reaction in determining relationships between viruses, the detection 
of symptomless carriers, and also in estimating the total concentration of virus 
protein in a given preparation, Only active virus could be detected by plant inocu- 
lation, but both active and inactive virus protein, provided it had not become 
denatured, reacted with serum antibody. The current theory of antibody produc- 
tion, as outlined by F. M. Burnet in his monograph, was presented. 

In conelusion, the interference reaction between tobacco mosaic virus and a 
related strain was discussed. Although the latter, known as the rib-grass strain, 
was incapable of infecting bean, when this strain was mixed with the common 
field strain of tobacco mosaic virus, prior to inoculation of bean, the number of 
infective local lesions which the field strain alone was capable of inducing was 
reduced. This phenomenon was compared to similar ones in the field of bacterio- 
phage and animal viruses. 


At the meeting of February 5, 1947, Dr. L. M. Black spoke on ‘‘ Plant Tumors In- 
duced by Viruses.’’ 


Among the overgrowths produced in plants by virus infection those occurring 
in Fiji-disease and in wound-tumor disease are distinct galls or tumors. Infections 
with wound-tumor virus have been obtained in the greenhouse on 43 species of 
plants in 20 families. The most consistent symptoms of the disease are irregular 
enlargement of the veins of leaves, and tumors on roots, However, these symptoms 
may be inconspicuous on some suspects and other symptoms may occur. Tissue cul- 
ture studies have demonstrated that the tumors are capable of indefinite growth 
as tumor tissue and that they retain the virus. Wounds start tumors in infected 
plants. The virus is not transmitted to healthy plants by rubbing their leaves with 
juice from diseased plants. It is transmitted by the leafhoppers Agallia constricta 
Van Duzee, Agallia quadripunctata (Provancher) and Agalliopsis novella (Say). 
Hereditary differences in tumor response have been demonstrated in sweet clover. 
Many similarities exist between wound-tumor disease and animal virus tumors such 
as mammary cancer of the mouse. 


Minutes of the Meeting of March 4, 1947. The regular evening meeting of the 
Torrey Botanical Club was opened by Dr. Shull at 8: 00 p.m. at Columbia University 
with 70 members and friends present. The minutes of the previous meeting were not read. 

No business was transacted at this meeting and Dr. Shull immediately introduced 
the speaker of the evening, Dr. David R. Goddard of the University of Pennsylvania who 
spoke on ‘‘The Cytochrome System and Peroxidase in Plant Respiration.’’ 
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The meeting was adjourned at 9: 15 p.m. after a lengthy discussion, and refresh- 
ments were served by members of the staff of the Columbia Botany Department. 
Respectfully submitted, 
LIBERO AJELLO, 
Recording Secretary 


Minutes of the Meeting of March 19, 1947. The regular afternoon meeting of the 
Torrey Botanical Club was called to order by Dr. Shull at 4: 00 p.m. in Larkin Hall, 
Fordham University. Fifty members and friends were present. The minutes of the meet- 
ings of February 19 and March 4 were approved as read. Three associate members and 2 
annual members were elected into the Club. 

Following this brief business meeting, Dr. Shull introduced Dr. C. A. Berger, who 
presented a very full report on ‘‘Cyto-botanical research at Fordham University.’’ The 
talk, abstracted below, was illustrated with vivid diagrams and excellent photomicro- 
graphs of various cytological preparations. A number of slides were set up under micro- 
scopes for examination by interested members, 

Cytological research at Fordham has centered around the phenomenon of 
Polyploidy as found in certain tissues or cells of diploid plants. Three aspects of 
this subject have been investigated. They are (1) polyploidy as a factor in the 
normal development of diploid plants; (2) artificially induced polyploidy; (3 
the mechanism of origin of polyploid cells in normal and treated material. 

Under the heading of naturally occurring polyploidy, polysomaty was studied 
in Spinacia, Chenopodium, Atriplex and Kochia; certain cortical cells of the root 
of Mimosa and of the shoot of Allium were found to become tetraploid and to 
divide once as tetraploids at a definite stage in the development of the seedling; 
the formation of various types of multinucleate and polyploid cells was investi 
gated in the tapetal cells of Spinacia, Coreopsis, Lilium, Symplocarpus, Magnolia 
and Rhoeo. 

Colchicine, acenaphthene, sulfanilamide, chloral hydrate, veratrine and podo 
phyllin were used to induce polyploidy. Alpha-naphthalene-acetic acid was found to 
stimulate mitosis in differentiated cells which had already become polyploid but 
not to induce the polyploid condition. Combined treatment with naphthalene-acetic 
acid followed by colchicine was found to result in a considerable increase in the 
frequency of polyploid cells. 

In many of the above studies it was possible to determine the mechanism by 
which the polyploid condition arose. In general, induced polyploidy results from 
some failure of the mitotic process while naturally oceurring polyploidy results 
from a double reproduction of chromosomes in the resting nucleus or less com 
monly from endomitosis. 

Several problems not connected with polyploidy are also being investigated. 
Some of these are: chromosome spirallization in Trillium; mitosis in yeast and a 
cytological analysis of Hybrid Petunias from the experimental gardens of Dr 
A. B. Stout of the New York Botanical Garden. Approximately 180 segregates from 
diploid and induced-tetraploid crosses have been analyzed and numbers ranging 
from the diploid 14 to the hexaploid 42 have been determined. 

The meeting was adjourned at 5: 00 p.m, Refreshments had been served prior to 
the meeting. 

Respectfully submitted, 
LIBERO AJELLO, 
Recording Secretary 


News NOTES 


The Beckman Herbarium, possibly the oldest herbarium in the United States, has 
been given to the California Academy of Sciences by Mrs. N. Floy Bracelin of Berkeley, 
to whom it had previously been given by Miss Sara Beckman, a descendant of the col+ 
lector. According to Dr. Robert C. Miller, the Director of the Academy, this herbarium 
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is a book of pressed plants prepared by Anders Beckman and completed in 1752. It is 
thought that Beckman studied under Linnaeus. In his herbarium he uses the system of 
nomenclature published by Linnaeus in ‘‘ Flora Suecica’’ in 1745. After nearly 200 
years, many of the pressed plants are still in good condition and easily recognizable. The 
book apparently has been much used, and some specimens are missing, being identifiable 
chiefly by the imprints left on the pages. 


The Library of Congress has announced a new cataloging service for libraries, 
called the Cumulative Catalog of Library of Congress Printed Cards. It is a monthly 
bulletin of about 125 pages, each page containing in reduced facsimile the information 
from about 35 eatalog cards. Quarterly and annual cumulative bulletins are also planned. 
The subscription price of the Cumulative Catalog is $100 a year. 

Since 1901 the Library of Congress has sold sets of its catalog ecards, and later the 
ecard depository system was established by which a library, agreeing to maintain the 
eards available to the public in alphabetical order, received a set of cards on deposit free 
of charge, Both of these systems have proved rather costly for the libraries. In 1942 the 
Association of Research Libraries undertook the reprinting of the entire catalog in book 
form. This has been completed and fills 167 volumes under the title: A Catalog of Books 
Represented by Library of Congress Printed Cards, through July 31, 1942. A Suppée 
ment, August 1, 1942 to December 31, 1946 is being prepared, and will probably fill 30 
volumes. These catalogs with the continuing monthly bulletins will cover all of the 
Library of Congress catalog cards, and will be much cheaper and less bulky than the 
eards themselves, It is thought that these books will make the reference material of the 
Library of Congress catalog cards available to many more libraries than was possible 
heretofore. 


The Southeastern Chapter of the Michigan Association for Native Plant. Protection 
announces that the Sccond Michigan Salon of Native Wildflower Photography will be 
exhibited in March, 1948, Entry forms will be available in October, 1947, giving the 
closing date for entries, listing judges and showing exhibition dates. The Salon will be 
hung at the Flower Show of 1948 in Detroit, Michigan. There will be two divisions, one 
for monochrome and color prints and another for slides. Some suggested subjects are: 
Wildflowers—foliage & fruit; Native shrubs and trees—flowers and fruit; Native 
grasses, sedges, rushes, ete.; In situ or still life. The Chairman of the Salon Committee 
is Mr. Roger E. Richard, 1832 N. Gulley Rd., Dearborn, Michigan. 
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ABBREVIATIONS OF PERIODICALS 
cited in the Index to American Botanical Literature’ 
compiled by 


LAZELLA SCHWARTEN AND H. W. RICKETT 


This list was prepared because of the difficulty of attaining uniformity in 
citing periodicals in the Index to American Botanical Literature and The Tazo- 
nomic Index. Even a single compiler has some trouble in this respect; and this 
is multiplied by collaboration. The list having been made, it was felt that it 
might be a convenience to others having botanical literature to cite. In par 
ticular, contributors to the BULLETIN are asked to adopt these abbreviations in 
their citations. Furthermore, it may assist users of the Jndex who attempt to 
find the less familiar serials to have the full titles and other data provided below. 

The serials here represented are those which have been cited in recent issues 
of the Index. While it is fairly complete for American botanical periodicals, the 
apparently haphazard inclusion of certain European serials and the omission of 
others can be understood only by reference to the aim of the Jndex—‘‘to include 
all current botanical literature written by Americans, published in America, or 
based upon American material.’’ 

The aim of abbreviation is the utmost brevity consistent with clarity. Well 
known words are sufficiently represented by their first syllable, with or without an 
additional letter; as ‘‘Am.,’’ ‘‘Agr.,’’ ‘‘Jour.’’ Two or more syllables may be 
necessary for distinctiveness, as ‘‘ Bryol.,’’ ‘‘ Argent.,’’ ‘‘Philos.’’ (to distin- 
guish it from Philadelphia, Philippine). Personal names, and titles consisting of 
one word are not abbreviated. It is frequently necessary, for the sake of pre 
cision, to add words (in brackets) not taken from the title; two recent periodicals 
have been named ‘‘Flora,’’ and such titles as ‘‘Anales del Instituto de Bio 
logia’’ may be ambiguous without mention of the place of origin. 

Each abbreviated title is followed by the complete title as it appears on the 
current cover or title-page of the serial. (When these differ, the latter is taken 
as correct.) Variations in the title are shown by parentheses. Other information 
taken from the title-page but not properly to be regarded as part of the title is 
appended in brackets. 

In the Index the series, volume, page, ete. of the serial are indicated in 
accord with the rules adopted at the Madison Botanical Congress of 1893 (see 
Bull. Torrey Club 22: 130-132. 27 Mr 1895). In brief, the method is as follows. 
The number of the series, if any, is in Roman numerals. The volume is designated 
by arabic numerals in bold face, followed by a colon. (When the volumes are not 
numbered, years are used instead; e.g. Kew Bull. 1941: 218-227. 9 Mr 1942.) 
If parts are independently paged, they are indicated by a superscript number 
attached to the number of the volume; otherwise they are not specified. The first 
and last pages of the article are in arabic numerals connected by a dash (if 
more than two; two consecutive pages are separated by a comma). Numbers of 
figures and plates are in italic and arabic, preceded by f. and pl. respectively. 
The date of publication is abbreviated as recommended by the Library Bureau, 
brackets being used to distinguish between actual dates and inaccurate dates. 

The abbreviations listed below are, with a few exceptions, also those used in 
North American Flora. 





1A limited number of separate copies of this list are available from H. W. 
Rickett (The New York Botanical Garden, New York 58, N. Y.) at a cost of 
15 cents each. 
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Acadian Nat.—Acadian Naturalist. Bulletin of the Natural History Society of 
New Brunswick. 

Acta Bot. Fenn.—Acta Botanica Fennica. [Societas pro Fauna et Flora Fennica. | 

Acta Hort. Gothob.—Acta Horti Gothoburgensis. Meddelanden fran Géteborgs 
Botaniska Triadgard. 

Acta Phytogeogr. Suee.—Acta Phytogeographica Suecica. [Svenska Vaxtgeo- 
grafiska Sallskapet. | 

Acta Soe. Faun. Fl. Fenn.—Acta Societatis pro Fauna et Flora Fennica. 

Addisonia—Addisonia. [The New York Botanical Garden. | 

Agr. Hist.—Agricultural History. | Washington. | 

Agr. Tée. [Santiago ]|—Agricultura Téenica. [Santiago de Chile. ] 

Am. Fern Jour.—American Fern Journal. [The American Fern Society. | 

Am. Fruit Grower—American Fruit Grower. 

Am. Jour. Bot.—American Journal of Botany. [The Botanical Society of 
America. | 

Am. Jour. Sei.—American Journal of Science. | New Haven. | 

Am. Midl. Nat.—The American Midland Naturalist. [Notre Dame University. ] 

Am. Nat.—The American Naturalist. | Lancaster. ] 

Am. Orchid Soe. Bull.—American Orchid Society Bulletin. 

An. Acad. Brasil. Ci—Anais da Academia Brasileira de Ciéncias. | Rio de Janeiro. 
Vols, 1-12 (1929-1940) as Annaes da Academia Brasileira de Sciencias. | 

Anal, Ese. Nae. Ci. Biol. [Mexico]—Anales de la Escuela Nacional de Ciencias 
Biolégicas. { Mexico. | 

Anal. Inst. Biol. | Mexico]|—Anales del Instituto de Biologia de la Universidad 
Nacional de México. 

Anal. Mus. Argent.—Anales del Museo Argentino de Ciencias Naturales. | Buenos 
Aires. | 

Anal. Soe. Ci. Argent.—Anales de la Sociedad Cientifica Argentina. | Buenos 
Aires. | 

Ann. ACFAS—Annales de 1’ACFAS. | Association Canadienne-Frangaise pour 
1’Avancement des Sciences. | 

Ann. Bot.—Annals of Botany. [ Oxford. ] 

Ann. Cryptog. Phytopath.—Annales Cryptogamici et Phytopathologici. { Includ- 
ing Annales Bryologici. | 

Ann. Mo. Bot. Gard.—Annals of the Missouri Botanical Garden. 

Ann. N. Y. Acad.—Annals of the New York Academy of Sciences. 

Appalachia—Appalachia. [The Appalachian Mountain Club. | 

Arb. Bull.—Arboretum Bulletin. [ Seattle. ] 

Arch. Inst. Bot. [Liége]—Archives de 1’Institut de Botanique de 1’Université de 
Liége. 

Ark. Bot.—Arkiv fér Botanik. [K. Svenska Vetenskapsakademien. | 

Arq. Bot. Est. S. Paulo—Arquivos de Botanica do Estado de Sao Paulo. 

Arq. Inst. Biol. [S. Paulo]—Arquivos do Instituto Biologico. Departamento da 
Defesa Sanitaria da Agricultura. [Sao Paulo. ] 

Arq. Mus. Nac. [Rio de Janeiro]|—Arquivos do Museu Nacional. [Rio de 
Janeiro. | 

Arq. Serv. Flor. [Rio de Janeiro]—Arquivos do Servico Florestal. [ Ministério 
da Agricultura. Rio de Janeiro. ] 

Atti Ist. Bot. Pavia—Atti dell’ Istituto Botanico ‘‘Giovanni Briosi’ 
torio Crittogamico Italiano della R. Université di Pavia. 
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Bartonia—Bartonia. Journal of the Philadelphia Botanical Club. 

Beih. Bot. Centr.—Beihefte zum Botanischen Centralblatt. 

Ber. Deuts. Bot. Ges.—Berichte der Deutschen Botanischen Gesellschaft. 

Ber. Schweiz. Bot. Ges.—Berichte der Schweizerischen Botanischen Gesellschaft. 
Bulletin de la Société Botanique Suisse. | 

Biologist—The Biologist. |The Phi Sigma Society. | 

Bishop Mus. Bull.—Bernice P. Bishop Museum Bulletin. [ Honolulu. | 

Bishop Mus. Spee. Publ.—Bernice P. Bishop Museum Special Publication. 
| Honolulu. | 

Blumea—Blumea. | Leiden. | 

sol. Fitossan. | Rio de Janeiro} Soletim Fitossanitdrio. [Divisio de Defesa 
Sanitéria Vegetal. Rio de Janeiro. | 

sol. Inst. Bot. Univ. Cent. [Quito|—Boletin del Instituto Botdanico de la 
Universidad Central. [{ Quito. | 

Bol. Mus. Hist. Nat. | Lima]—Boletin del Museo de Historia Natural ‘‘ Javier 
Prado.’’ | Lima. | 

sol. Mus. Nac. | Rio de Janeiro |—Boletim do Museu Nacional. [Rio de Janeiro. | 


Bol. Soe. Argent. Bot.—Boletin de la Sociedad Argentina de Botanica. 


Bol. Soe. Brot.—Boletim da Sociedade Broteriana. [Instituto Botanico da 
Universidade de Coimbra. | 

Bol. Soe. Geogr. Lima—Boletin de la Sociedad Geografiea de Lima. 

Bol. Soe. Venez. Ci. Nat.—Boletin de la Sociedad Venezolana de Ciencias 
Naturales. 


Bol. Téc. Dep. Genet. Fitotéc. [Santiago |—Boletin técnico. Ministerio de Agri 
cultura. Departamento de Genética Fitotéenica. [Santiago de Chile. 

Bol. Tée. Inst. Agron. Norte | Belém ]—Boletim téenico do Instituto Agrondmico 
do Norte. | Belém. | 

Bol. Téc. Inst. Cacau Bahia—Boletim técnico. Instituto de Cacau da Bahia. 

Bot. Arch.—Botanisches Archiv. | Leipzig. | 

Bot. Gaz.—The Botanical Gazette. |The University of Chicago. } 

sot. Mag. Curtis’s Botanical Magazine. [The Royal Horticultural Society, 
London. | 

Bot. Mus. Leafl. Botanical Museum Leaflets. | Harvard University. | 

sot. Not.—Botaniska Notiser. | Lunds Botaniska Forening. | 

Bot. Rev.—The Botanical Review. | New York. | 

Bot. Tidssk.—Botanisk Tidsskrift. | Dansk Botanisk Forening. ] 

Bothalia—Bothalia. | Pretoria. | 

Brit. Mycol. Soe. Trans.—The British Mycological Society. Transactions. 

Brittonia—Brittonia. |The New York Botanical Garden. | 

Bryologist—The Bryologist. Journal of the Sullivant Moss Society. 

Bull. Am. Rock Gard. Soc.—Bulletin of the American Rock Garden Society. 
Including Saxiflora. 

Bull. Jard. Bot. [| Bruxelles]|—Bulletin du Jardin Botanique de 1’Etat. [ Brux 
elles. | 

gull. Mus. Hist. Nat. [ Paris]|—Bulletin du Muséum National d’Histoire Natur 
elle. {| Paris. | 

Bull. Scripps Inst. Oceanogr.—Bulletin of the Seripps Institution of Oceanog- 
raphy (of the University of California. La Jolla, California). Technical 
Series. 

Bull. So. Calif. Acad.—Bulletin of the Southern California Academy of Sciences. 

Bull. Soe. Bot. Fr.—Bulletin de la Société Botanique de France. 
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Bull. Soc. Bot. Genéve—Bulletin de la Société Botanique de Genéve. 

Bull. Soe. Hist. Nat. Toulouse—Bulletin de la Société d’Histoire Naturelle de 
Toulouse. 

Bull. Torrey Club—Bulletin of the Torrey Botanical Club and Torreya. 

Butler Univ. Bot. Stud.—Butler University Botanical Studies. 


Cactus & Suce. Jour.—Cactus and Succulent Journal of the Cactus and Succulent 


Society of America. 


~ 


‘aldasia—Caldasia. Boletin del Instituto de Ciencias Naturales de la Univer- 
sidad Nacional de Colombia—Bogota. 

‘anad. Field-Nat.—The Canadian Field-Naturalist. 

‘anad. Jour. Res. C.—Canadian Journal of Research. Section C. Botanical 


i i 


Sciences. 


‘andollea—Candollea. Organe du Conservatoire et du Jardin Botaniques de la 
Ville de Genéve. 


‘arib. Forest.—The Caribbean Forester. | Puerto Rico. | 


‘arn. Inst. Wash. Year Book—Carnegie Institution of Washington. Year Book. 


‘astanea—Castanea. The Journal of the Southern Appalachian Botanical Club. 


‘ellule—La Cellule. Recueil de cytologie et d’histologie. { Louvain. ] 


Ceres—Revista Ceres. | Vicosa, Minas Gerais. | 


‘hron. Bot.—Chronica Botanica. |Waltham, Massachusetts. | 

Cire. U. S. Dep. Agr.—Cireular. United States Department of Agriculture. 

‘ompt. Rend. Acad. U.R.S.S. I1.—Comptes Rendues (Doklady) de 1’Académie 
des Sciences de 1’URSS. Nouvelle série. 

‘ontr. Boyce Thompson Inst.—Contributions from Boyce Thompson Institute. 
| Yonkers, New York. ] 

‘ontr. Dudley Herb.—Contributions from the Dudley Herbarium (of Stanford 
University). [| Offset. | 

‘ontr. Gray Herb.—Contributions of the Gray Herbarium of Harvard University. 


~ 


~ 


~ > 


‘ontr. Inst. Bot. Univ. Montréal—Contributions de 1’Institut Botanique de 
1’Université de Montréal. 

‘ontr. Inst. Oka—Contributions de 1’Institut d’Oka (Université de Montréal). 

‘ontr. Ocas. Mus. Hist. Nat. Col. ‘‘De La Salle’’ [ Havana. ]—Contribuciones 
Ocasionales del Museo de Historia Natural del Colegio ‘‘De La Salle.’’ 


| Havana. | 
‘ontr. U. S. Nat. Herb.—Contributions from the United States National 
Herbarium. 


Contr. Univ. Mich. Herb.—Contributions from the University of Michigan 
Herbarium. 
Cranbrook Inst. Bull.—Cranbrook Institute of Science. Bulletin. 


Dansk Bot. Ark.—Dansk Botanisk Arkiv (Res Botanicae Danicae). {Dansk 
Botanisk Forening. | 

Danske Vid. Selsk. Biol. Meddel.—Kgl. Danske Videnskabernes Selskab. Bio- 
logiske Meddelelser. 

Darwiniana—Darwiniana. Revista del Instituto de Botanica Darwinion. | Aca- 
demia Nacional de Ciencias Exactas, Fisicas y Naturales de Buenos Aires. ] 

Des. Pl. Life—Desert Plant Life. [American Succulent Societies. | 


Ecol. Monogr.—Ecological Monographs. [The Ecological Society of America. | 


Ecology—Ecology. [The Ecological Society of America. | 
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Econ. Bot.—Economie Botany. | New York. | 

Evolution—Evolution. International Journal of Organie Evolution. [The Society 
for the Study of Evolution. | 

Farlowia—Farlowia. A journal of eryptogamic botany. [Farlow Library and 
Herbarium of Harvard University. | 

Fauna & Flora [Uppsala]|—Fauna och Flora. Popular Tidskrift fdr Biologi. 
| Uppsala. | 

Field & Lab. 
ments of Southern Methodist University. 

Fieldiana Bot.—Fieldiana: Botany. | Formerly ‘‘ Field Museum of Natural His 
tory. Publications. Botany.’’ The Chicago Natural History Museum. | 

Fla. Geol. Surv. Rep. 

Flora—Flora oder Allgemeine Botanische Zeitung. 

Flora [{ Quito] 


Instituto Botanico de la Universidad Central. | Quito. | 


Field and Laboratory. Contributions from the Science Depart 


Florida Geological Survey. Annual Report. 





Jena. | 
Flora. Revista de Botanica y Farmacognosia. Organo oficial del 


Genetica—Genetica. Nederlandsch Tijdschrift voor Ervelijkheids- en Afstem 


mingsleer. 
Genetics 
Gent. 


Genetics. |The Brooklyn Botanic Garden. | 
Herb. 


|The Bailey Hortorium, Cornell University. ] 


Gentes Herbarum. (Occasional papers on the kinds of plants.) 


Geogr. Rev.—The Geographical Review. |The American Geographical Society. | 

Great Basin Nat.—The Great Basin Naturalist. | Provo, Utah. ] 

Hereditas—Hereditas. Genetiskt Arkiv. [Mendelska Sallskapet i Lund. | 

Holmbergia—Holmbergia. Revista del Centro de Estudiantes del Doctorado en 
Ciencias Naturales. [Buenos Aires. | 

Hook. Ie.—Hooker’s Icones Plantarum. [ Kew. | 

Ill. Biol. Monogr.—Illinois Biological Monographs. 

Inst. Agron 8. Paulo Bol. Tée. 


em Campinas. Boletim téenico. 


Instituto Agronédmico do Estado | de Sao Paulo], 
Iowa St. Coll. Jour. Sei.—lIowa State College Journal of Science. 


Jour. Agr. Res.—Journal of Agricultural Research. | Washington. | 

Jour. Agr. Sci.—The Journal of Agricultural Science. |Cambridge. | 

Jour. Agr. Univ. Puerto Rico—The Journal of Agriculture of the University of 
Puerto Rico. 

Jour. Am. Soe. Agron.—Journal of the American Society of Agronomy. 

Jour. Arnold Arb.—Journal of the Arnold Arboretum. | Harvard University. ] 


Jour. Bot.—The Journal of Botany, British and foreign. 


Jour. Calif. Hort. Soe.—Journal of the California Horticultural Society. 
Jour. Elisha Mitchell Soe.—Journal of the Elisha Mitchell Scientific Society. 
Jour. Forest.—Journal of Forestry. [The Society of American Foresters. | 


Jour. Gen. Physiol.—The Journal of General Physiology. [The Rockefeller Insti 
tute for Medical Research. | 

Jour. Hered.—The Journal of Heredity. |The American Genetic Association. ] 

Jour. Linn. Soe.—The Journal of the Linnean Society of London. Botany. 

Jour. N. Y. Bot. Gard.—Journal of the New York Botanical Garden. 

Jour. Sci. Lab. Denison Univ.—Journal of the Scientific Laboratories of Denison 

University. 
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Jour. Tenn. Acad.—Journal of the Tennessee Academy of Science. 
Jour. Wash. Acad.—Journal of the Washington [ D.C. 





Academy of Sciences. 


Kew Bull.—Royal Botanic Gardens, Kew. Bulletin of Miscellaneous Information. 
Kolon. Inst. Amsterdam Meded.—Vereeniging Koloniaal Instituut te Amsterdam. 
Mededeeling. 


Leafi. West. Bot.—Leaflets of Western Botany. 

Lilloa—Lilloa. Revista de Botanica. [Universidad Nacional de Tucuman. Insti- 
tuto ‘* Miguel Lillo.’’] 

Lloydia—Lloydia. A quarterly journal of biological science. {Lloyd Library and 
Museum. | 

Lunds Univ. Arssk. II. Sect. 2.—Lunds Universitets Arsskrift. N[ya] F[6ljd]. 
Avd|elning | 2. 


Madroiio—Madrono, a West American Journal of Botany. 

Meded. Bot. Mus. Utrecht—Mededeelingen van het Botanisch Museum en Her- 
barium van de Rijksuniversiteit te Utrecht. 

Mem. Gray Herb.—Memoirs of the Gray Herbarium of Harvard University. 

Mem. Mus. Entre Rios | Argentina|—-Memorias del Museo de Entre Rios. Re- 
publica Argentina. [Formerly entitled ‘‘Las Memorias del Museo de 
Parana.’ ’ | 

Mem. Soe. Cub. Hist. Nat.—Memorias de la Sociedad Cubana de Historia Natural 
‘Felipe Poey.’’ 

Mem. Soe. Faun. Fl. Fenn.—Memoranda Societatis pro Fauna et Flora Fennica. 

Mém. Soe. Vaud. Sci. Nat.—Mémoires de la Société Vaudoise des Sciences 
Naturelles. { Lausanne. | 

Mem. Torrey Club—Memoirs of the Torrey Botanical Club. 

Mem. & Revista Acad. Nac. |Mexico|—Memorias y Revista de la Academia 
Nacional de Ciencias (‘‘ Antonio Alzate’’). | Mexico. | 

Mo. Bot. Gard. Bull.—Missouri Botanical Garden Bulletin. 

Mycologia—Mycologia. [The New York Botanical Garden. | 


N. Am. Flora—North American Flora. [The New York Botanical Garden. | 

Nat. Canad.—Le Naturaliste Canadien. 

Nat. Hist. Bull. Hawaii Nat. Park.—Natural History Bulletin. Hawaii National 
Park. | Mimeographed. | 

Nat. Hort. Mag.—The National Horticultural Magazine. Journal of the Ameri- 
ean Horticultural Society. 

Nature—Nature. | London. | 

New Phytol.—The New Phytologist. {Cambridge, England. | 

Northw. Sci.—Northwest Science. [The Northwest Scientific Association. Cheney, 
Washington. | 

Not. Nat.—Notulae Naturae of the Academy of Natural Sciences of Philadelphia. 

Not. Syst. [Leningrad]—Notulae Systematicae ex Herbario Horti Botanici 
U.S.8S.R. Botanicheskie Materialy. 

Not. Syst. [ Paris]—Muséum national d’histoire naturelle. Notulae Systematicae. 
[ Paris. ] 

Notas Mus. La Plata Bot.—Notas del Museo de la Plata. Botanica. 


Oce. Pap. Bishop Mus.—Occasional Papers of the Bernice Pauahi Bishop Mu- 
seum of Polynesian Ethnology and Natural History. [{ Honolulu. ] 

Oce. Pap. Fairchild Trop. Gard.—Occasional Paper. Fairchild Tropical Garden. 

Ohio Jour. Sci—The Ohio Journal of Science. 
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Orquidea { Mexico |—Orquidea. Organo oficial de la Sociedad Mexicana ‘‘ Amigos 
de las Orquideas.’’ 

Orquidea | Rio de Janeiro |—Orquidea. { Rio de Janeiro. | 

Oxford Forest. Mem.—Oxford Forestry Memoirs. 


Pacif. Sci.—Pacifie Science; a quarterly devoted to the biological and physical 
sciences of the Pacific region. {| University of Hawaii. | 

Pap. Mich. Acad.—Papers of the Michigan Academy of Science, Arts and Letters. 

Pap. Tortugas Lab.—Papers from the Tortugas Laboratory of the Carnegie In 
stitution of Washington. 

Philipp. Jour. Sei.—The Philippine Journal of Science. 

Physis—Physis. Revista de la Sociedad Argentina de Ciencias Naturales. 

Phytologia—Phytologia. | New York. Lithoprinted. | 

Phytopathology—Phytopathology. |The American Phytopathological Society. | 

Plant Physiol.—Plant Physiology. [The American Society of Plant Physiolo 
gists. | 

Proe. Acad. Phila.—Proceedings of the Academy of Natural Sciences of Phila 
delphia. 

Proce. Am. Acad.—Proceedings of the American Academy of Arts and Sciences. 

Proc. Am. Philos. Soc.—Proceedings of the American Philosophical Society 
held at Philadelphia for promoting useful knowledge. 

Proc. Am. Soe. Hort. Sci.—Proceedings of the American Society for Horti 
cultural Science. 

Proc. Ark. Acad.—Proceedings of the Arkansas Academy of Science. 

Proce. Biol. Soe. Wash.—Proceedings of the Biological Society of Washington 
[D. C.}. 

Proc. Calif. Acad.—Proceedings of the California Academy of Sciences. 

Proc. Ind. Acad.—Proceedings of the Indiana Academy of Science. 

Proc. Lowa Acad.—Proceedings of the Iowa Academy of Science. 

Proce. La. Acad.—The Proceedings of the Louisiana Academy of Sciences. 

Proe. Linn, Soc.—Proceedings of the Linnean Society of London. 

Proc. Mont. Acad.—Proceedings of the Montana Academy of Sciences. 

Proce. Nat. Acad.—Proceedings of the National Academy of Sciences of the 
United States of America. 

Proe. Okla. Acad.—Proceedings of the Oklahoma Academy of Science. 

Proc. Pa. Acad.—Proceedings of the Pennsylvania Academy of Science. 

Proc. Roy. Dublin Soc.—The Scientific Proceedings of the Royal Dublin Society. 
New Series. 

Proce. U. 8S. Nat. Mus.—Proceedings of the United States National Museum. 

Proc. W. Va. Acad.—West Virginia University. Bulletin. Proceedings of the 
West Virginia Academy of Science. 

Proc. & Trans. Nova Scotian Inst.—The Proceedings and Transactions of the 
Nova Scotian Institute of Science. 

Proe, & Trans. Roy. Soc. Canada—Proceedings and Transactions of the Royal 
Society of Canada. (Mémoires et Comptes Rendus de la Société Royale du 


Canada. ) 


Quart. Jour. Fla. Acad.—Quarterly Journal of the Florida Academy of Sciences. 
{Formerly Proceedings. | 
Quart. Rev. Biol.—The Quarterly Review of Biology. [ Baltimore. ] 
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Ree. Trav. Bot. Néerl.—Recueil des travaux botaniques néerlandais. [Société 
Botanique Royale Néerlandaise. | 

Rep. Mich. Acad.—Annual Report of the Michigan Academy of Science, Arts 
and Letters. 

Rep. Smithson. Inst.—Annual Report of the Board of Regents of the Smith- 
sonian Institution. 

Res. Stud. St. Coll. Wash.—Research Studies of the State College of Washington. 

Revista Acad. Colomb.—Revista de la Academia Colombiana de Ciencias Exactas, 
Fisicas y Naturales. 

Revista Argent. Agron.—Revista Argentina de Agronomia. 

Revista Chil. Hist. Nat.—-Revista Chilena de Historia Natural. 

Revista Fae. Agron. [{ Medellin]—Revista. Facultad Nacional de Agronomia. 
| Medellin. 

Revista Invest. Agr. | Buenos Aires]|—Revista de Investigaciones Agricolas. 
Organo oficial de la Direecién General de Investigaciones del Ministerio de 
Agricultura de la Nacién. { Buenos Aires. | 

Revista Mus. La Plata Bot.—Revista del Museo de La Plata. Seecién Botanica. 

Revista Soe. Cub. Bot.—Revista de la Sociedad Cubana de Botdnica. Organo 
oficial del Jardin Botdnico de la Universidad de la Habana. 

Revista Soe. Mex. Hist. Nat.—Revista de la Sociedad Mexicana de Historia 
Natural. 

Revista Sudam. Bot.—Revista Sudamericana de Botaénica. | Montevideo. | 

Revista Univ. Cat6l. Chile—Revista Universitaria. Anales de la Academia Chilena 
de Ciencias Naturales. Universidad Catélica de Chile. 

Revue Bot. Appl. Agr. Trop.—Revue de Botanique Appliquée et d’Agriculture 
Tropicale. 

Revue Bryol. Lichénol.—Revue Bryologique et Lichénologique. [Revue Bryo- 
logique, Series II. 

Revue d’Oka—Revue d’Oka. [| Institut d’Oka, Université de Montréal. | 

Rhodora—Rhodora. Journal of the New England Botanical Club. 

Rodriguésia—Rodriguésia. Revista do Jardim Botanico. Servico Florestal. [ Rio 
de Janeiro. | 


Sargentia—Sargentia. A continuation of the Contributions from the Arnold 
Arboretum of Harvard University. 

Sci. Monthly—The Scientific Monthly. | Washington. | 

Science—Science. New Series. [| Washington. ] 

Serv. Bot. Bol. Tée. |Caraeas}|—Servicio Botanico. Boletin Técnico. { Caracas. ] 

Sierra Club Bull.—Sierra Club Bulletin. 

Skr. Vid.-Akad. Oslo—Skrifter utgitt av det Norske Videnskaps-Akademi i Oslo. 
I. Matematisk-Naturvidenskapelig Klasse. 

Smithson. Mise. Coll.—Smithsonian Miscellaneous Collections. 

Soc. Bot. Mex. Bol.—Sociedad Botanica de México. Boletin. 

Stain Tech.—-Stain Technology. [The Commission on Standardization of Bio- 
logical Stains. | 

Sv. Bot. Tidsk—Svensk Botanisk Tidskrift. [Svenska Botaniska Foreningen. } 

Sv. Vet.-Akad. Handl. I1Il—Kungliga Svenska Vetenskapsakademiens Hand- 
lingar. Tredje Serien. 





Symb. Bot. Upsal—Symbolae Botanicae Upsalienses. Arbeten fran Botaniska 


Institutionerna i Uppsala. 


































396 BULLETIN OF THE TORREY BOTANICAL CLUB (Vor. 





Tech. Bull. Ariz. Exp. Sta.—Technical Bulletin. University of Arizona. College 
of Agriculture. Agricultural Experiment Station. 

Tech. Bull. U. 8S. Dept. Agr.—Technical Bulletin. United States Department of 
Agriculture. 

Trans. Acad. St. Louis—Transactions of the Academy of Science of St. Louis. 

Trans. Am. Mier. Soe.—Transactions of the American Microscopical Society. 

Trans. Am. Philos. Soe.—Transactions of the American Philosophical Society 
held at Philadelphia for promoting useful knowledge. 

Trans. Ill. Acad.—Transactions of the Lllinois State Academy of Science. 

Trans. Kan. Acad.—Transactions of the Kansas Academy of Science. 

Trans. Roy. Canad. Inst.—Transactions of the (Royal) Canadian Institute. 

Trans. Wis. Acad.—Transactions of the Wisconsin Academy of Sciences, Arts 
and Letters. 

Trav. Biol. Inst. Carnoy—Travaux biologiques de 1’Institut J. B. Carnoy. 
| Louvain. | 

Trillia—Trillia. Proceedings of the Botanical Society of Western Pennsylvania. 

Trop. Woods—Tropical Woods. | Yale University, School of Forestry. | 


U. 8. Dept. Agr. Mise. Publ.—United States Department of Agriculture. Miscel 


laneous Publication. 


~ 


Tniv. Antioquia—Universidad de Antioquia. | Medellin. | 


~— 


Tniv. Ariz. Biol. Sci. Bull.—University of Arizona Bulletin. Biological Science 
Bulletin. 

Univ. Buenos Aires Publ. Fac. Ci—Universidad de Buenos Aires. Publicaciones 

de la Faeculdad de Ciencias Exactas, Fisicas y Naturales. Serie B (Cientifico 


técnica. ) 


— 


Iniv. Calif. Publ. Bot.—University of California Publications in Botany. 
Univ. Colo. Stud. D.—University of Colorado Studies. Series D. Physical and Bio 


logical Sciences. 


~— 


‘niv. Ecuador Anal.—Universidad Central del Ecuador. Anales. 
Tniv. Iowa Stud. Nat. Hist.—University of Iowa Studies in Natural History. 
Tniv. Kan. Sei. Bull—(The) University of Kansas Science Bulletin. [ Title 


— 


varies. | 


— 


Iniv. Ore. Monogr. Bot.—University of Oregon Monographs. Studies in Botany. 
Tniv. S. Paulo Fae. Filos. Ci. Letr. Bol. Bot.—Universidade de Sao Paulo. 


Faculdade de Filosofia, Ciéncias e Letras. Boletim. Boténica. 
Univ. Wash. Publ. Biol.—University of Washington Publications in Biology. 
Univ. Wyo. Publ.—University of Wyoming Publications. 


Va. Jour. Sci.—The Virginia Journal of Science. 
Verh. Naturf. Ges. Basel 
Basel. 





Verhandlungen der Naturforschenden Gesellschaft in 


Wien. Bot. Zeits—Wiener Botanische Zeitschrift. | Formerly Osterreichische 
Botanische Zeitschrift. | 

Wild Flower—Wild Flower. [The Wild Flower Preservation Society, Inc. Wash- 
ington. | 

Wrightia—Wrightia. [The Institute of Technology and Plant Industry. Southern 

Methodist University. } 
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(See also under Spermatophytes: Camp, Rickett & Weatherby) 

Daily, Fay Kenoyer. Species of Tolypella in Nebraska. Butler Univ. Bot. Stud. 
8: 113-117. 1 pl. O 1946 [Ap 1947]. 

Daily, William A. Notes on the algae 
120. f. 1, 2.0 1946 [Ap 1947]. 
Flint, Lewis H. Studies of freshwater red algae. Am. Jour. Bot. 34: 125-131. 

f. 1-31. Mr [Ap] 1947. 

Smith, Gilbert M. On the reproduction of some Pacific coast species of Ulva. 
Am. Jour. Bot. 34: 80-87. f. 1-38. F [10 Mr] 1947. 

Taft, Clarence E. Some algae, including new species, from New Mexico. Ohio 
Jour. Sei. 47: 85-87. f. 1-4. Mr [My] 1947. |New entities not validly 
published. | 

Tseng, C. K. Seaweed resources of North America and their utilization. Econ. 

sot. 1: 69-97. f. 1-12+ tables 1-5. Ja [Mr] 1947. 


I, II. Butler Univ. Bot. Stud. 8: 118- 





FUNGI AND LICHENS 


(See also under Spermatophytes : 
Camp, Rickett & Weatherby) 


Anderson, K. W. & Skinner, C. E. Yeasts in decomposing fleshy fungi. Mycologia 
39: 165-170. Mr 1947. 

Campbell, W. A. A new species of Coniothyrium parasitic on selerotia. Mycologia 
39: 190-195. 1 f. Mr 1947. 

Crandall, Bowen S. A new Phytophthora causing root and collar rot of Cinchona 
in Peru. Mycologia 39: 218-223. Mr 1947. 

Critopoulos, P. D. Production of teliospores and uredospores of Puccinia graminis 
on Berberis cretica in nature. Mycologia 39: 145-151. 7 f. Mr 1947. 

Dodge, Carroll W. Mycocandida riboflavina. Ann. Mo. Bot. Gard. 34: 31-36. 
pl. 7, 8. F [29 Mr] 1947. 

Doty, Maxwell 8. & Slater, Daniel W. A new species of Heterosporium patho- 
genic on young Chinook salmon. Am. Midl. Nat. 36: 663-665. f. 1. N 1946 
[25 F 1947]. 

Drechsler, Charles. A nematode-strangling Dactylella with broad quadriseptate 
conidia. Mycologia 39: 5-20. f. 1, 2. Ja 1947. 

Fay, Dolores J. Chytriomyces spinosus nov. sp. Mycologia 39: 152-157. f. 1, 2. 
Mr 1947. 

Graff, Paul W. Fungi from the Mountain Lake region of Virginia. Castanea 12: 
9-23. Mr [Ap] 1947. 

Hazen, Elizabeth. Microsporium audouini: The effect of yeast extract, thiamin, 
pyridoxine, and Bacillus Weidmaniensis on the colony characteristics and 
macroconidial formation. Mycologia 39: 200-209. f. 1-4. Mr 1947. 
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Hesseltine, C. W. Viability of some mold cultures. Mycologia 39: 126-128. Ja 
1947. 

Hwang, Shuh-Wei, Hansen, H. N. & Snyder, William C. Increased perithecium 
formation and hybridization in flooded cultures of a homothallic Ascomycete. 
Mycologia 39: 196-199. 7 f. Mr 1947. 

Karling, John S. Brazilian chytrids. X. New species with sunken opercula. 
Mycologia 39: 56-70. f. 1-56. Ja 1947. 

Karling, John 8S. Lagenidium humanum, a saprophyte isolated on dead human 
skin. Mycologia 39: 224-230. f. 1-39. Mr 1947. 

Lepage, Abbe Ernest. Les lichens, les mousses et les hépatiques du Québec. 
Nat. Canad. 74: 8-16. Ja | Ap] 1947. 

Lihnell, Daniel. Untersuchungen iiber die Mykorrhizen und die Wurzelpilze von 
Juniperus communis. Symb. Bot. Upsal. 3°: 1-141. f. 1-5 +tables 1-19. 
1939. 

Mix, A. J. Taphrina Osmundae Nishida and Taphrina Higginsii sp. nov. My 
cologia 39: 71-76. 1 f. Ja 1947. 

Modess, Oskar. Zur Kenntnis der Mykorrhizabildner von Kiefer und Fichte. 
Symb. Bot. Upsal. 5': 1-146. pl. 1-13 + f. 1-27 + tables 1-17. 1941. 

Murrill, W. A. Fomes frarvineus in Florida. Mycologia 39: 251. Mr 1947. 

Murrill, W. A. New combinations {under Cortinarius and Lactarius]. Mycologia 
39: 132. Ja 1947. 

Murrill, W. A. Red fly-agariec in Florida. Mycologia 39: 251. Mr 1947. 

Nearing, G. C. The lichen book [pars]. pp. 433-528. f. 34-39. [publ. by the 
author.| Mr 1947. 

Olive, Lindsay S. Notes on the Tremellales of Georgia. Mycologia 39: 90-108. 
f. 1-8. Ja 1947. 

Rogers, Donald P. Fungi of the Marshall Islands, Central Pacific Ocean. Pacif. 
Sei. 1: 92-107. f. 1, 2. Ap 1947. 

Seaver, Fred J. Photographs and descriptions of cup-fungi—XLIII. Seaverinia. 
Mycologia 39: 113-119. 1 f. Ja 1947. 

Singer, Rolf. The Boletoideae of Florida. The Boletineae of Florida with notes 
on extralimital species. III. Am. Midl. Nat. 37: 1-135. pl. 1, 2. Ja [Ap] 
1947. 

Singer, Rolf. New genera of fungi. III. Mycologia 39: 77-89. Ja 1947. 

Singer, Rolf. Type studies on Basidiomycetes. III. Mycologia 39: 171-189. 
Mr 1947. 

Stuntz, D. E. Studies in the genus Jnocybe. I. New and noteworthy species from 
Washington. Mycologia 39: 21-55. f. 1-50. Ja 1947. 

Thirumalachar, M. J. Some noteworthy rusts—II. Mycologia 39: 231-248. 
f. 1-18. Mr 1947. 

West, Erdman & Kern, Frank D. Another gymnosporangial connection. My 
cologia 39: 120-125. 1 f. Ja 1947. 


BRYOPHYTES 
(See also under Spermatophytes: Camp, Rickett & Weatherby) 
Bartram, Edwin B. A contribution to the moss flora of southeastern Mexico. 
Bryologist 50: 55-63. f. 1-7. Mr 1947. 
Clark, Lois & Mullen, Doris. Frullania closterantha. Bryologist 50: 86-88. 
f. 1-14. Mr 1947. 
Clark, Lois & Svihla, Ruth Dowell. Frullania arecae. Bryologist 50: 82-85. 
f. 1-13. Mr 1947. 
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: Clark, Lois; Jovet-Ast, S. & Frye, T. C. A new Frullania from Guadeloupe. 
Bryologist 50: 52-55. f. 1-15. Mr 1947. 
Evans, Alexander W. A study of certain North American Cladoniae. Bryologist 
50: 14-31. pl. 1-5. f. 1-7. Mr 1947. 
Frye, T. C. Oligotrichum tenuirostre. Bryologist 50: 64-66. f. 1-17. Mr 1947. 
Frye, T. C. & Duckering, Mae W. Atrichum elamellosum. Bryologist 50: 80-82. 
f. 1-16. Mr 1947. 


Genelle, Pierre C. & Frye, T. C. Polytrichadelphus peruvianus. Bryologist 50: 
86-91. f. 1-16. Mr 1947. 

Grout, A. J. How the Sullivant Moss Society and the Bryologist began. Bryolo- 
gist 50: 1-3. port. Mr 1947. 

Herzog, Th. Verzeichnis der gesammelten Bryophyten. I. Jn: Herzog & Schwabe, 
Zur Bryophytenflora Siidchiles. Beih. Bot. Centr. 60 B’/*: 1-35. f. 1-10. 
D 1939. 

Kucyniak, James. Une autre espéce de Barbula pour le Québec: Barbula con- 
voluta. Nat. Canad. 74: 5-7. J-F [Ap] 1947. 

Merrill, E. D. An amateur bryologist’s observations on the Philippine moss flora. 
Bryologist 50: 4-13. Mr 1947. 

Mullen, Doris & Frye, T. C. Middle and South American species of Oligotrichum. 
sryologist 50: 67-79. illust. Mr 1947. 

Schwabe, G. H. & E. Zur Okologie siidchilenischer Moose. II. In: Herzog & 
Schwabe, Zur Bryophytenflora Siidchiles. Beih. Bot. Centr. 60 B*/*: 36-51. 
1,8. BD isee. 


PTERIDOPHYTES 
(See also under Spermatophytes: Camp, Rickett & Weatherby; Roland; Toner) 
Benedict, J. E. A new form of Asplenium platyneuron. Am. Fern Jour. 37: 11, 
12. pl. 1. Ja 1947. 
Brooks, Maurice. A new variety of Christmas fern. Castanea 12: 24. Mr [Ap] 
1947. 
Merrill, E. D. Unlisted Pteridophyte binomials in Eaton’s ‘‘ Manual of Botany.’ 
Am. Fern Jour. 37: 6-10. Ja 1947. 
Weatherby, C. A. Bartholomew’s Cobble. Am. Fern Jour. 37: 1-6. f. 1. Ja 1947. 
Wherry, Edgar T. Selaginella rupestris in Pennsylvania. Am. Fern Jour. 37: 
25, 26. 1 map. Ja 1947. 


; 


SPERMATOPHYTES 
(See also under Genetics: Baldwin & Speese) 

Aberg, Ewert. The taxonomy and phylogeny of Hordeum L. Sect. Cerealia Ands. 
with special reference to Thibetan barleys. Symb. Bot. Upsal. 4: 1-156. 
pl. 1-20 + tables 1-8. 1940. 

Adams, John & Senn, Harold A. The flora of Canada. Canada Year Book 1938 
revised 1945: 3-38. Dominion Bur. of Statistics, Ottawa. 1946. 

Alexander, E. J. The albino of Epiphyllum Ackermannii. Cactus & Suce. Jour. 
19: 58, 59. f. 37. Ap 1947. 

Alexander, E. J. Aristolochia sempervirens. Addisonia 22: 57, 58. pl. 733. Ap 
1946 [15 Ap 1947]. 

Alexander, E. J. New species of a Mexican Sedum. Cactus & Suce. Jour. 19: 
51-53. f. 34, 35. Ap 1947. 

Alexander, Edward J. Sanvitalia procumbens. Addisonia 22: 61, 62. pl. 735. 

Ap 1946 [15 Ap 1947]. 
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Anderson, J. P. Alaska and Yukon species of Rubus subgenus Cylactis Focke. 
Bull. Torrey Club 74: 255, 256. 1 My 1947. 

Anderson, W. A. Verbascum phlomoides in lowa. Rhodora 49: 67, 68. pl. 1055. 
5 Mr 1947. 

Atchison, Earlene. Chromosome numbers in the Myrtaceae. Am. Jour. Bot. 34: 
159-164. f. 1-29 + table 1. Mr [Ap] 1947. 

Baehni, C. L’ouverture du bouton chez les fleurs des Solanées. Candollea 10: 
399-494. f. 1-69. 12 D 1946. 

Baldwin, J. T. Hevea: a first interpretation. A cytogenetic survey of a contro 
versial genus, with a discussion of its implications to taxonomy and to 
rubber production. Jour. Hered. 38: 54-64. 1 map. F [Ap] 1947. 

Barneby, R. C. Pugillus Astragalorum. VII: A revision of the Argophylli. Am. 
Midl. Nat. 37: 421-516. Mr [My] 1947. 

Barneby, R. C. Pugillus Astragalorum. VIII: Notes on the section Genistoidei. 
Leafl. West. Bot. 5: 25-35. 25 Ap 1947. 

Beetle, A. A. & Tofsrud, R. B. A new name for a needlegrass. Leafl. West. Bot. 
5: 35. 25 Ap 1947. 

Benoist, R. Plantes récoltées en Equateur. Bull. Soc. Bot. Fr. 93: 219-222. 
1946. 

Blake, 8. T. The Cyperaceae collected in New Guinea by L. J. Brass, II. Jour. 
Arnold Arb. 28: 207-229. pl. 1, 2+ f. 1. 15 Ap 1947. 

Bremerkamp, C. E. B. A monograph of the genus Pomazota Ridley (Rubiaceae). 
Jour. Arnold Arb. 28: 186-203. 15 Ap 1947. 

Bremerkamp, C. E. B. A monograph of the genus Streblosa Korthals (Rubia 
ceae). Jour. Arnold Arb. 28: 145-185. f. 1, 2. 15 Ap 1947. 

Bremerkamp, C. E. B. Siderobombyx Brem. nov. gen. Rubiacearum hedyotide- 
arum. Jour. Arnold Arb. 28: 204-206. 15 Ap 1947. 

Camp, W. H., Rickett, H. W. & Weatherby, C. A. [eds.] International rules of 
botanical nomenclature. [unofficial special edition.] Brittonia 6: 1-120. 
9 Ap 1947. 

Chun, Woon-Young. New and noteworthy Chinese Fagaceae. Jour. Arnold Arb. 
28: 230-244. 15 Ap 1947. 

Chun, Woon-Young & Tsiang, Ying. A new lactiferous plant in South China. 
Jour. Arnold Arb. 28: 245, 246. 15 Ap 1947. 

Cook, Howard L. A study of the distribution of the grasses of Indiana. Butler 
Univ. Bot. Stud. 8: 44-63. f. 1-7 + tables 1-4. O 1946 [Ap 1947]. 

Core, Earl L. Additions to the catalogue of the vascular plants of West Virginia. 
Proe. W. Va. Acad. 1946 (Ser. 47, no. 9-1): 26-29. Mr 1947. 

Cory, V. L. Old World plants apparently recently introduced into Texas. 
Madrofio 9: 64. Ap 1947. 

Croizat, Leon. Nomenclatural transfers and corrections in the Euphorbiaceae. 
Trop. Woods 88: 30-32. 1 D 1946 | Mr 1947}. 

Cronquist, Arthur. Notes on Compositae of Northeastern United States, IV. 
Solidago. Rhodora 49: 69-79. 5 Mr 1947. 

Cuatrecasas, José. Notas a la flora de Colombia; IX. Revista Acad. Colomb. 
7*-*: 47-52. pl. 1+f. 1-4. D 1946. 

Davidson, John F. The present status of the genus Polemoniella Heller. - Madrofio 
9: 58-60. Ap 1947. 

Davis, Ray J. | Ed.| Contributions toward a flora of Idaho. Leafl. 16, 28 F; 

17, 20 Mr; 18, 11 Ap 1947. Mimeog. [| Not consee. paged; 30 fam. by var. 

authors. | 
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Deam, Charles C. et al. Indiana plant distribution records, VI. 1945. Proc. Ind. 
Aead. 55: 50-64. 1946. 

Dobbs, Raymond. Illustrated notes on the flora of Henry County. Trans. Ill. 
Acad. 39: 47-49. 1946 [Ap 1947]. 

Dutilly, Pére Arthéme & Lepage, Abbé Ernest. Coup d’oeil sur la flore sub- 
aretique du Québec, de la baie James au lae Mistassini [Cyperaceae]. Nat. 
Canad. 74: 43-60. Ja [Ap] 1947. 

Eastham, J. W. Impatiens Roylei in British Columbia. Canad. Field-Nat. 60: 
116. S 1946 [Ap 1947}. 

Esson, James G. Narcissus Bulbocodium citrinus. Addisonia 22: 49, 50. pl. 729. 
Ap 1946 [15 Ap 1947]. 

Esson, James G. Primula Forbesii. Addisonia 22: 63, 64. pl. 736. Ap 1946 
[15 Ap 1947}. 

Everett, T. H. Cytisus canariensis. Addisonia 22: 53, 54. pl. 731. Ap 1946 
[15 Ap 1947]. 

Everett, T. H. Ruellia amoena. Addisonia 22: 55, 56. pl. 732. Ap 1946 [15 Ap 
1947]. 

Evers, Robert & Hoff, C. Clayton. Siloam Springs State Park. Trans. Dl. Acad. 
39: 50-56. f. 1-4. 1946 [Ap 1947]. 

Fernald, M. L. Sedum Rosea not S. roseum. Rhodora 49: 79-81. 5 Mr 1947. 

Foster, H. Lincoln. Rhododendron carolinianum naturalized in New England. 
Rhodora 49: 116. 5 Ap 1947. 

Fries, Rob. E. Die Annonaceen der vierten Regnellschen Expedition. Ark. Bot. 
33 A®: 1-20. pl. 1-5. 5 D 1946. 

Gleason, H. A. The preservation of well known binomials. Phytologia 2: 201- 
212. Ap 1947. 

Goodman, George J. A new variety in Orobanche. Leafl. West. Bot. 5: 36. 
25 Ap 1947. 

Groh, A. & Anderson, E. G. More Impatiens Roylei in Canada. Canad. Field- 
Nat. 60: 116. S 1946 [Ap 1947]. 

Hanes, Clarence Robert & Hanes, Florence N. Flora of Kalamazoo county, 
Michigan: vaseular plants. i—xii, 1-295. frontis., 1 map, f. 1-14 [in Rubus}. 
Schooleraft, Mich. 1947. 

Hawkes, Alex D. An orchid new to the United States. Am. Orchid Soe. Bull. 
16: 234-236. f. 1-5. 14 Ap 1947. 

Hermann, Frederick J. The Amazonian varieties of Lonchocarpus nicou, a rote- 
none-yielding plant. Jour. Wash. Acad. 37: 111-113. 7 f. 15 Ap 1947. 

Herter, W. G. Species uruguayenses novae. Candollea 10: 87-89. 12 D 1946. 

Hess, Robert W. Identification of New World timbers, Part II (Cont.). Trop. 
Woods 88: 12, 13. f. 1-25. Part III. 13-30. f. 1-13. 1 D 1946 [Mr 1947]. 

Hinckley, L. C. Contrasts in the vegetation of Sierra Tierra Vieja in Trans- 
Pecos Texas. Am. Midl. Nat. 37: 162-178. f. 1-9+ tables 1, 2. Ja [Ap] 
1947. 

Howell, John Thomas. Another rush in California [Juncus acuminatus]. Leafl. 
West. Bot. 5: 40. 25 Ap 1947. 

Howell, John Thomas. The florula of Meno Mesa. Wasmann Collector 7: 16-21. 
f. 1, 2. Mr 1947. 

Howell, J. T. Sun spurge in San Francisco. Leafl. West. Bot. 5: 35. 25 Ap 1947. 

Howell, John Thomas. Studies in Carex—II. Leafl. West. Bot. 5: 36-40. 25 Ap 

1947. 
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Hull, Edwin D. Notes on the coral berry (Symphoricarpos orbiculatus). Rho 
dora 49: 117-119. My 1947. 

Hultén, E. New species of Astragalus and Oxytropis from Alaska and Yukon. 
Ark. Bot. 33 B': 1-5. f. 1-3. 11 Ap 1946. 

Hylander, Nils. Nomenklatorische und systematische Studien itiber nordische 
Gefisspflanzen. Uppsala Univ. Arssk. 19457; 1-337. 1945. 

Isely, Duane. Seed characters of alfalfa and certain other species of Medicago. 
Iowa St. Coll. Jour. Sei. 21: 153-159. f. 1-4. Ja [| Ap] 1947. 

Jones, George Neville. Centaurea maculosa in Illinois. Rhodora 49: 84. 5 Mr 
1947. 

Kelso, Leon. Additional notes on Rocky Mountain plants. Biol. Leafl. 16: 1, 2. 
pl. 1. 30 Ja 1947. 

Kelso, Leon. Gray’s Peak and vicinity. Biol. Leafl. 29: 1-3. 11 J] 1945. 

Kelso, Leon. Plants of Denver and vicinity. Biol. Leafl. 19: 1-15. 31 My 1943. 
first supplement 22: 1-3. 22 F 1944; second supplement 31: 1-3. 10 N 1945. 

Lakela, Olga. The occurrence of Eleocharis nitida in the Lake Superior region. 
Rhodora 49: 81, 82.5 Mr 1947. 

Lakela, Olga. Variety of a western Polemonium in Minnesota. Rhodora 49: 
118, 119. My 1947. 

Lawalrée, André. La position systématique des Lemnaceae et leur classification. 
Bull. Soe. Bot. Belg. 77: 27-38. 1945. 

Lindquist, Bertil. On the variation in Seandinavian Betula verrucosa Ehrh. with 
some notes on the Betula series Verrucosae Sukaez. Sv. Bot. Tidsk. 41: 
45-80. f. 1-12. 1947. 

Litardiére, R. de. Contribution A 1’étude du genre Festuca. Candollea 10: 103 
146. 12 D 1946. 

Longmuir, Stuart. Cyclamen neapolitanum. Addisonia 22: 51, 52. pl. 730. Ap 
1946 [15 Ap 1947]. 

Louis-Marie, P?ére. Deux Graminées nouvelles de l1’Ungava (Canada). Contr. 
Inst. Oka 3: 1-23. f. 1-5. 1946. [Revue d’Oka 20: 114-124, 145-160. 1946. 

Magnusson, A. H. On North American non-saxicolous species of the genus 
Rinodino. Bot. Not. 1947: 32-54. 1947. 

Maguire, Bassett. Great Basin plants—IX. Compositae. Arnica, Hymenopappus, 
Haplopappus, and Lygodesmia. Am. Midl. Nat. 37: 136-145. Ja [ Ap] 1947. 

Maguire, Bassett. Mimulus cardinalis. Addisonia 22: 59, 60. pl. 734. Ap 1946 
[15 Ap 1947]. 

Marshall, H. 8S. Herbert’s Appendix. Herbertia 12(1945): 37, 38. Mr 1947. 

Marshall, W. Taylor. Revisions in the taxonomy and some new combinations in 
Cactaceae [pars]. Cactus & Suce. Jour. 19: 60, 61. Ap 1947. 

Merrill, E. D. On the identity of Brandisia Souliei Bonati. Jour. Arnold Arb. 
28: 251, 252. pl. 1. 15 Ap 1947. 

Metcalf, Woodbridge. The cork oak tree in California. Econ. Bot. 1: 26-46. 
f. 14+ tables 1-6. Ja 1947. 

Meyer, Samuel Lewis. Plants of importance in the breeding of Anopheles albi 
manus Wied. in Panama. Bull. Torrey Club 74: 257-261. f. 1. 1 My 1947. 

Minshall, Wm. Harold. First dates of anthesis of four trees at Ottawa, Ontario, 
for the period 1936 to 1945. Canad. Field-Nat. 61: 56-59. 7 f. Mr 1947. 

Moldenke, Harold N. Additional notes on the genus Amasonia. II. Phytologia 
2: 246, 247. Ap 1947. 

Moldenke, Harold N. Additional notes on the genus Petrea. III. Phytologia 
2: 248. Ap 1947. 
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Moldenke, Harold N. Additional notes on the genus Timotocia. I. Phytologia 
2: 242-246. Ap 1947. 

Moldenke, Harold N. Notes on new and noteworthy plants. I. Phytologia 2: 
213-242. f. 1, 2. Ap 1947. 

Moldenke, Harold N. Noteworthy records from the local area. Bull. Torrey 
Club 74: 262, 263. 1 My 1947. 

Monachino, Joseph V. A new species of Daphnopsis from Ecuador. Phytologia 
2: 212, 213. Ap 1947. 

Morton, C. V. The American species of Hymenophyllum section Sphaerocionium. 
Contr. U. S. Nat. Herb. 29: i—viii, 139-201. f. 1. 1947. 

Muller, Cornelius H. Vegetation and climate of Coahuila, Mexico. Madrofio 9: 
33-57. pl. 3-7 +f. 1. Ap 1947. 

Murley, Margaret. Apocynum in Iowa. Iowa St. Coll. Jour. Sei. 21: 229-235. 
f. 1-10. Ja [Ap] 1947. 

Ponce de Leén, Antonio. Joyas de la flora ecubana. El mamey amarillo (Mammea 
americana Linn.). Revista Soe. Cub. Bot. 3: 87. illust. Jl 1946. 

Porsild, Morten P. Den grénlandske Forekomst af Pedicularis groenlandica Retz. 
Bot. Tidssk. 48: 96-101. 1946. 

Porsild, Morten P. A new Antennaria from Whitehorse, Yukon. Canad. Field- 
Nat. 60: 85. J1 1946. 

Pulle, A. [ed.] Flora of Suriname. [Vol. 3, part 2; Erythroxylaceae by V. 
Westhoff; Oenotheraceae, Rhizophoraceae, Oxalidaceae [pars] by F. P. 
Jonker.| Kolon. Inst. Amsterdam Meded. 30: 1-48. Ja 1942. 

Raymond, Marcel. Notes sur la double distribution de certaines espéces boréales. 
Nat. Canad. 74: 17-20. 1 map. Ja 1947. 

Rehder, Alfred. Notes on some cultivated trees and shrubs, V. Jour. Arnold 
Arb, 28: 253-258. 15 Ap 1947. 

Robyns, W. Sur une corrélation florale de la vraie sympétalie et son importance 
systématique. Buil. Soc. Bot. Belg. 77: 14-24. 1945. 

Roland, A. E. The Flora of Nova Scotia. Proe. & Trans. Nova Scotian Inst. 21: 
95-642. 127 f. (ca. 700 sp. illust.) 477 maps. 1944-1946 [Ap 1947]. 

Rothmaler, Werner. Der Formenkreis von Dryopteris paleacea (Sw.) Hand.- 
Mazz. Candollea 10: 92-101. 12 D 1946. 

St. John, Harold. A new species of Carex (Cyperaceae) from Fiji. Pacifie Plant 
Studies 6. Pacif. Sci. 1: 116-181. f. 1. Ap 1947. 

Schery, Robert W. Manioc—a tropical staff of life. Econ. Bot. 1: 20-25. f. 1, 2. 
Ja 1947. 

Schoewe, Charles G. Note on the occurrence of some eastern Wisconsin plants. 
Trans. Kan. Acad. 49: 365. 1946 | 1947]. 

Schweinfurth, Charles. A Peruvian novelty in Sigmatostaliz. Am. Orchid Soe. 
Bull. 16: 162-164, f. 1-6. 10 Mr 1947. 

Senn, Harold A. & Zinck, M. N. Additional records of old field birch, Betula 
populifolia Marsh., in Ontario. Canad. Field-Nat. 60: 92-94. J] 1946 [Mr 
1947]. 

Seymour, Frank C. Helianthus grosseserratus in New England. Rhodora 49: 
115, 116. 5 Ap 1947. 

Sherff, Earl Edward. New or otherwise noteworthy Compositae. X. Am. Jour. 
Bot. 34: 138-158. f. 1-5. Mr [Ap] 1947. 

Stearn, William T. | revised by]. The Alliums of British India, by Sir Joseph D. 
Hooker. Herbertia 12(1945): 73-84: 174. Mr 1947. 
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Stehlé, Henri et Mme. Liste complementaire des arbres et arbustes des Petites 
Antilles. Carib. Forest. 8: 91-111. [Eng. transl. 112-117, Spanish 117- 
123.] Ap 1947. 

Stehlé, H. Piperaceae novae ex insulis Caribaeis et Discipiper, genus novum. 
Candollea 10: 281-292. 12 D 1946. 

Stover, Ernest L. A key to the genera of common woods. Trans. Ill. Acad. 39: 
65, 66. 1946 | Ap 1947]. 

Stuhr, Ernst T. The distribution, abundance and uses of wild drug plants in 
Oregon and Southern California. Econ. Bot. 1: 57-68. Ja 1947. 

Svenson, H. K. The group of Eleocharis palustris in North America. Rhodora 
49: 61-67. 5 Mr 1947. 

Toner, G. C. Plants of the Lower Chileotin River, Cariboo District, British 
Columbia. Canad. Field-Nat. 60: 106. S 1946 [Ap 1947]. 

Traub, Hamilton P. Cooperia brasiliensis Traub sp. nov. Herbertia 12(1945): 
38-40. Mr 1947. 

Traub, Hamilton P. New Allium names and a deleted species. Herbertia 
12(1945): 68-70. Mr 1947. 

Traub, Hamilton P. & Hayward, Wyndham. Habranthus juncifolius Traub & 
Hayward sp. nov. Herbertia 12(1945): 40, 41. Mr 1947. 

Uphof, J. C. Th. Leucocoryne and related genera of South America. Herbertia 
12(1945): 52-67. Mr 1947. 

Van Melle, P. J. Review of Juniperus chinensis et al. 1-108. pl. 1-12. N. Y. Bot. 
Gard. 30 Ap 1947. 

Wadmond, 8S. C. New binomial in Juncus. Rhodora 49: 120. My 1947. 

Walker, E. M. & Fox, W. Sherwood. Field birch in Ontario (Betula populifolia 
Marsh.). Canad. Field-Nat. 60: 90, 91. J1 1946 [Mr 1947]. 

Weibel, R. La placentation chez les Tiliacées. Candollea 10: 155-157. f. 1-7. 
12 D 1946. 

White, C. T. Notes on two species of Araucaria in New Guinea and a proposed 
new section of the genus. Jour. Arnold Arb. 28: 259, 260. 15 Ap 1947. 


PALEOBOTANY 
Erdtman, G. Suggestions for the classification of fossil and recent pollen grains 
and spores. Sv. Bot. Tidsk. 41: 104-114. 1947. 
Hansen, Henry P. Postglacial vegetation of the northern Great Basin. Am. 
Jour. Bot. 34: 164-171. f. 1-4. Mr [Ap] 1947. 


ECOLOGY AND PLANT GEOGRAPHY 


(See also under Genetics: Clausen, Keck & Hiesey; Epling; 
under Plant Physiology: Aberg) 


Adams, J. A bibliography of Canadian plant geography to the end of the year 
1920 [I]. Trans. Roy. Canad. Inst. 16: 293-355. 1928. [II] 17: 103-145. 
1929. [III] 227-265. 1930. 

Adams, J. A bibliography of Canadian plant geography, 1921-1925 [IV]. 
Trans. Roy. Canad. Inst. 17: 267-295. 1930. 

Adams, J. & Norwell, M. H. A bibliography of Canadian plant geography, 1926— 
1930 [V]. Trans. Roy. Canad. Inst. 18: 343-373. 1932. 

Adams, J. & Norwell, M. H. A bibliography of Canadian plant geography, 1931- 

1935, with an appendix on the flora of Greenland [VI]. Trans. Roy. Canad. 

Inst. 21: 95-134. 1936 [for VII see Senn, H. A.}. 
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Albertson, F. W. & Weaver, J. E. Reduction of ungrazed mixed prairie to short 
grass as a result of drought and dust. Ecol. Monogr. 16: 449-463. f. 1-17 
+ tables 1-4. O 1946 [Mr 1947]. 

Buell, Jesse H. The prediction of growth in uneven-aged timber stands on the 
basis of diameter distributions. Duke Univ. School Forest. 11: 1-70. Mr 
1945. 

Chapman, H. H. Natural areas. Ecology 28: 193, 194. Ap 1947. 

Fautin, Reed W. Biotic communities of the northern desert shrub biome in 
western Utah. Ecol. Monogr. 16: 251-310. f. 1-19+ tables 1-33. O 1946 
| Mr 1947]. 

Friesner, Ray C. & Potzger, John E. The Cabin Creek raised bog, Randolph 
County, Indiana. Butler Univ. Bot. Stud. 8: 24—43. f. 1-4 + table 1. O 1946 
[Ap 1947]. 

Friesner, Ray C. & Walden, Gershom. A five-year dendrometer record in two 
trees of Pinus strobus. Butler Univ. Bot. Stud. 8: 1-23. tables 1-5. O 1946 
[Ap 1947]. 

Gooding, E. G. B. Observations on the sand dunes of Barbados, British West 
Indies. Jour. Ecol. 34: 111-125. f. 1, 2. F 1947. 

Holdridge, L. R. Determination of world plant formations from simplified cli- 
matic data. Science 105: 367, 368. f. 1. 4 Ap 1947. 

Keller, Carl O. An ecological study of the Klein Woods, Jennings County, Indi- 
ana. Butler Univ. Bot. Stud. 8: 14-81. tables 1-6. O 1946 [Ap 1947]. 
Kiichler, A. W. The broadleaf deciduous forests of the Pacific Northwest. Ann. 

Assoc. Am. Geogr. 36: 122-147. 1946. 

Kiichler, A. W. A geographic system of vegetation. Geogr. Rev. 37: 233-240. 
Ap 1947. 

Le Galle, Pére C. Esquisse générale de la flore vaseulaire des fles Saint-Pierre et 
Miquelon. Nat. Canad. 74: 21-42. f. 1-4. Ja [Ap] 1947. 

McInteer, B. B. Soil preference of some plants as seen in Kentucky. Castanea 
12: 1-8. 1 map + tables 1-3. Mr [Ap] 1947. 

McVaugh, Rogers. Establishment of vegetation on sand-flats along the Hudson 
River, New York. Ecology 28: 189-193. f. 1-10. Ap 1947. 

Miller, Erwin H. Growth and environmental conditions in Southern California 
chaparral. Am, Midl. Nat. 37: 379-420. f. 1-12D + tables 1-9. Mr. [My] 
1947. 

Rawitscher, Felix K. The utility of precipitation-effectiveness formulas for plant 
ecology. Geogr. Rev. 37: 251-253. Ap 1947. 

Senn, Harold A. A bibliography of Canadian plant geography. VII. Additions; 
author, geographic and subject indices for the period 1635-1935. Trans. 
Roy. Canad. Inst. 26: 9-151. 1946. 

Thompson, John W. An analysis of the vegetative cover of the Brule River (Wis- 
consin) watershed. Trans. Wis. Acad. 37: 305-323. 1 map+1 f. 1945 [10 
Ap 1947]. 

Tolstead, W. L. Woodlands in northwestern Nebraska. Ecology 28: 180-188. 
f. 1-7 + tables 1-4. Ap 1947. 

Woodbury, Angus M. Distribution of pigmy conifers in Utah and northeastern 
Arizona. Ecology 28: 113-126. f. 1-6. Ap 1947. 

GENETICS 
(See also under Spermatophytes: Baldwin) 

Atwood, Sanford S. Cytogenetics and breeding of forage crops. In: Demerec, 

H. ed. Advances in genetics 1: 1-67. 1947. 
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Babcock, Ernest B. Cytogenetics and speciation in Cre pis. In: Demeree, H. ed. 
Advances in genetics 1: 69-93. f. 1-7. 1947. 

Baldwin, J. T. & Speese, Bernice M. Hippeastrum solandrifolium: its chromo 
somes. Bull. Torrey Club 74: 250-254. f. 1-4. 1 My 1947. 

Brown, William L. & Anderson, Edgar. The northern flint corns. Ann. Mo. 
Bot. Gard. 34: 1-28. pl. 1-6 +f. 1-5 + tables 1-3 + map. F [29 Mr] 1947. 
Carter, J. C. Inheritance of foliage variegation in variegated English elms. 

Trans. Ill. Acad. 39: 43-46. f. 1, 2. 1946 | Ap 1947 

Clausen, Jens, Keck, David D. & Hiesey, William M. Heredity of geographically 
and ecologically isolated races. Jn: Symposium on the genetic aspects of 
natural populations. Am. Nat. 81: 114-133. f. 1-6+ tables 1, 2. Mr [Ap] 
1947. 

Clayton, EB. E. A wildfire resistant tobacco. Jour. Hered. 38: 35—40. w. 1—4, 
F [Ap] 1947. 

Coutinho, L. A. Novos subsidios para a cariologia do género Vicia L. sol. Soe. 
Brot. IT 19: 449-455. f. 1-3. 1945. 

Dansereau, Pierre & Desmarais, Yves. Introgression in sugar maples—II.. Am, 
Midl. Nat. 37: 146-161. f. 1-9 + tables 1-5. Ja [Ap] 1947. 

Davis, Bradley Moore. The appearance of a balanced lethal situation in Oenothera 
heterozygote gaudens-'franciseana following severe heat treatment of seeds. 
Geneties 32: 185-197. f. 1, 2. Mr 1947. 

Einset, John. Aneuploidy in relation to partial sterility in autotetraploid lettuce 
(Lactuca sativa L.). Am. Jour. Bot. 34: 99-105. tables 1-4. Mr [ Ap] 1947. 

Epling, Carl. Actual and potential gene flow in natural populations. Jn; Sym 
posium on the genetic aspects of natural populations. Am. Nat. 81: 104- 
115. f. 1, 2. Mr [Ap] 1947. 

Fernandes, A. & Fernandes, R. The origin of Tapeinanthus humilis Herb. 
Herbertia 12(1945): 85-96. f. 1-5. Mr 1947. 

La Cour, L. F. Improvements in plant cytological technique. II. Bot. Rev. 13: 
216-240, Ap 1947. 

MacArthur, John W. & Chiasson, L. P. Cytogenetic notes on tomato species and 
hybrids. Genetics 32: 165-177. f. 1-16. Mr 1947. 

Mangelsdorf, Paul C. The origin and evolution of maize. Jn: Demerec, M. ed. 
Advances in genetics 1: 161-207. f. 1-11 + tables 1-3. 1947. 

Mehilquist, Gustav A. L. & Geissman, T. A. Inheritance in the carnation (Di 
anthus caryophyllus). III. Inheritance of flower color. Ann. Mo. Bot. Gard. 
34: 39-74. pl. 9, 10+ tables 1-24. F [Mr] 1947. 

Metz, C. W. Duplication of chromosome parts as a factor in evolution. Am. 
Nat. 81: 81-103. f. 1-4. Mr 1947. 

Morrison, Gordon. Hybrid corn—science in practice. Econ. Bot. 1: 5-19. f. 1-3. 
Ja 1947. 

Nybom, Nils. Non-random distribution of chromosomes at meiosis, in triploid 
Allium Schoenoprasum. Bot. Not. 1947: 55-60. f. 1+ table 1. 1947. 
Stebbins, G. Ledyard. Types of polyploids: their classification and significance. 

In: Demerec, M. ed. Advances in geneties 1: 403-429. 1947. 

Stephens, 8S. C. Cytogenetics of Gossypium and the problem of the origin of New 
World cottons. Jn; Demerec, M. ed. Advances in geneties 1: 431-442. 
tables 1, 2. 1947. 

Stout, A. B. The character and genetics of doubleness in the flowers of daylilies: 

the para-double class. Herbertia 12(1945): 113-123. f. 147-149. Mr 1947. 
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Wang, F. H. Embryological development of inbred and hybrid Zea mays L. 
Am. Jour. Bot. 34: 113-125. f. 1-14 + tables 1-4. Mr [Ap] 1947. 


PLANT PHYSIOLOGY 
(See also under Fungi: Hazen, Lihnell, Modess) 

Aberg, Borje. Physiologische und dkologische Studien iiber die pflanzliche Photo 
morphose. Symb. Bot. Upsal. 8': 1-189. f. 1-59. 1943. 

Barton, Lela V. Speci studies on seed coat a Contr. Boyce 
Thompson Inst. 14: 355-362. f. 1+ tables 1, 2. Ja 1947. 

Bjorkman, Erik. Uber dic Bedingungen der Mykorrhizabildung bei Kiefer und 
Fichte. Symb. Bot. Upsal. 6*: 1-190. f. 1-62+ tables 1-45. 1942. 

Brenchley, Winifred E. The essential nature of certain minor elements for plant 
nutrition. II. Bot. Rev. 13: 169-193. Ap 1947. 

Broyer, T. C. The movement of material into sone Part Il. The nature of 
solute movements into plants. Bot. Rev. 13: 125-167. Mr 1947. 

Comar, C. L. & Neller, J. R. Radioactive erecta procedures as applied to 
soil plant research. Plant Physiol. 22: 174-180. 1 f. Ap 1947. 

Connolly, Florence, ef al. Thiamin in Manitoba vegetables. Canad. Jour. Res. C. 
25: 43-53. F ] 1947. 

DeRopp, R. S. The response of normal plant tissues and of crown-gall tumor 
tissues to synthetic growth hormones. Am. Jour. Bot. 34: 53-62. f. 1-14 
+ tables 1-5. 

Delarge, Léon. Etude de la croissance et de la ramification des racines in vitro. 
Arch. Inst. Bot. [Liége] 17: 1-221. f. 1-27 + pl. 1-11. 1946. 

Eaton, Frank M., Lyle, E. W. & Ergle, D. R. Relations between carbohydrate 
accumulation and resistance of cotton plants to Phymatotrichum root rot in 
dry summers. Plant Physiol. 22: 181-192. f. 1, 2. Ap 1947. 

Fries, Nils. (ber die Bedeutung von Wuchsstoffen fiir das Wachstum ver 
schiedener Pilze. Symb. Bot. Upsal. 3?: 1-189. f. 1-25 + tables 1-71. 1938. 

Goodwin, Richard H. & Owens, Olga v. H. The formation of chlorophyll @ in 
etiolated oat seedlings. Plant Physiol. 22: 197-200. 1 f. Ap 1947. 

Gosselin, Louis-Adrien. Réactions ‘‘ nucléales’’ et colorations nucléaires. Contr. 
Inst. Oka 4: 1-27. 13 Je 1946. | Revue d’Oka 20. 1946. | 

Hubbard, C. V. & Thornberry, H. H. Utilization of various carbohydrates by 
Streptomyces griseus for production of Streptomycin and growth. Trans. 
Ill. Acad. 39: 57-64. f. 1-7 + tables 1, 2. 1946 [Ap 1947]. 

Lilly, Virgil Greene & Barnett, H. L. The influence of pH and certain growth 
factors on mycelial growth and perithecial formation by Sordaria fimicola, 
Am. Jour. Bot. 34: 131-138. f. 1-4 + tables 1, 2. Mr [Ap] 1947. 

McCool, M. M. Nitrogen availability in soils as measured by growth response of 








rye grass and Cunninghamella blakesleeana. Contr. Boyce Thompson Inst. 
14: 313-369. tables 1-3. Ja 1947. 

Osterhout, W. J. V. The absorption of electrolytes in large plant cells. II. Bot. 
Rev. 13: 194-215. Ap 1947. 

Osterhout, W. J. V. Some properties of protoplasmic gels. II. Contraction of 
chloroplasts [of Nitella] in currents of water entering the cell and expansion 
in out-going currents. Jour. Gen. Physiol. 30: 229-234. 20 Ja 1947. 

Phillips, ms W. Studies on fermentation in rice and barley. Am. Jour. Bot. 
34: 62-72. f. 1, 2+ tables 1-7. F [10 Mr] 1947. 

Porter, - H., Durrell, Mary & Romm, H. J. The use of 2, 3, 5-triphenyltetra- 
zolium-chloride as a measure of seed germinability. Plant Physiol. 22: 149- 

159. 1 f. Ap 1947. 
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Runyon, Noel R. The chemical composition of forbs in the native pastures at 
Hays, Kansas. Trans. Kan. Acad. 49: 441-443. 1947. 

Scarth, G. W., Gooding, H. B. & Shaw, M. Factors influencing growth and sum- 
mer dormancy in Taraxacum kok-saghyz. Canad. Jour. Res. C. 25: 27-42. 
f. 1-4. F [Ap] 1947. 

Sideris, C. P. Chlorophyll and protein interrelationships in Ananas comosus (L.) 
Merr. Plant Physiol. 22: 160-173. f. 1-4. Ap 1947. 

Sideris, C. P. & Young, H. Y. Effects of nitrogen in chlorophyll, acidity, ascorbic 
acid, and carbohydrate fractions of Ananas comosus (L.) Merr. Plant 
Physiol. 22: 97-116. f. 1-8. Ap 1947. 

Sideris, C. P., Young, H. Y. & Chun, H. H. Q. Effects of nitrogen on the nitroge- 
nous fractions of Ananas comosus (L.) Merr. Plant Physiol. 22: 127-148, 
f. 1-6. Ap 1947. 

Stewart, W. S. & Hummer, R. W. Inverse correlation between rubber hydro- 
carbons and insolubles in total solids of latex from Hevea brasiliensis. 
Plant Physiol. 22: 193-196. 7 f. Ap 1947. 

Stuhlman, Otto. A physical analysis of growth and structure of some grasses. 
Bull. Torrey Club 74: 215-231. f. 1-16. 1 My 1947. 

Synerholm, Martin E. & Zimmerman, P. W. Preparation of a series of @-(2,4 
dichlorophenoxy )-aliphatie acids and some related compounds with a con- 
sideration of their biochemical role as plant-growth regulators. Contr. 
Boyce Thompson Inst. 14: 369-382. tables 1-3. Ja 1947. 

Wai, Kit Ngaan Tso, et al. The vitamin content of soybeans and soybean sprouts 
as a function of germination time. Plant Physiol. 22: 117-126. f. 1, 2. Ap 
1947. 

Weintraub, Robert L. & Price, Leonard. Developmental physiology of the grass 
seedling. II. Inhibition of mesocotyl elongation in various grasses by red 
and by violet light. Smithson. Mise. Coll. 1067": 1-15. f. 1-5 + tables 1-3. 
8 My 1947. 

Wolf, Frederick A. Growth curves of oriental tobacco and their significance. 
Bull. Torrey Club 74: 199-214. f. 1-6 + table 1. 1 My 1947. 


GENERAL BOTANY 
(including Biography) 

Apolinar Maria, Hermano. Vocabulario de términos vulgares en historia natural 
colombiana. Revista Acad. Colomb. 7*-™: 14-33. D 1946. 

Benke, Hermann C. [1869-1946] Life sketches. 1-28. port. +illust. Privately 
Printed. 1947. 

Gicklhorn, Jos. Neue Gesichtspunkte und Grundlagen zur Wertung von Thaddius 
Haenke als Botaniker und seiner Stellung in der Geschichte der Botanik. 
Beih. Bot. Centr. 60 A’-*: 157-222. pl. 5+/f. 1. My 1940. 

Mason, Herbert L. Willis Linn Jepson. Madrofio 9: 61-64. pl. 8. Ap 1947. 

Merrill, Elmer D. A botanical bibliography of the Islands of the Pacific. Contr. 
U. S. Nat. Herb. 30: 1-322. [Mr] 1947. 

Merrill, E. D. Notes on the dates of issue of Desvaux’s Journal de Botanique. 
Jour. Arnold Arb. 28: 247-250. 15 Ap 1947. 

Mirov, N. T. Vladimir L. Komorov, 1869-1946. Madrojio 9: 57, 58. Ap 1947. 

Moss, E. H. & McCalla, W. C. Alfred Henry Brinkman, 1873-1945. Canad. 
Field-Nat. 60: 107, 108. S 1946. 

Pearson, A. A. Jakob E. Lange [1864-1941]. Mycologia 39: 1-4. port. Ja 1947. 

Rusden, Philip L. David Hunt Linder. September 24, 1899—November 10, 1946. 
Mycologia 39: 133-144. port. | bibliography]. Mr 1947. 





